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Are Translations Useful? 

The Translations Board is charged with evaluating AGU's 
program of translating Soviet and Chinese geophysical liter- 
ature. To effectively complete this assignment, we need the 
help of AGU members who are familiar with current work In 
the USSR. 

The general questions that we are addressing are the fol- 
lowing: 

1 . Are translations an Important part of AGU's overall 
publications program? 

2. Are AGU translations used? 

3 . Are AGU members missing Important results because 
they are not using AGU translations? 

4 . Are AGU translations covering the most relevant ma- 
terial? 

There Is a 'gut' feeling that the translations program Is 
serving a useful purpose, but It Is difficult to quantify the Im- 
portance ol this effort. 

We are particularly anxious to know whether we are pre- 
senting a representative cross section of Soviet science. Are 
we providing access to the most useful papers by translating 
journals? Should we be moving more toward selected papers 
from journals? Would books be a more valuable source of 
Information? 

AGU's translations program began about 15 years ago. 


Currently, five Soviet Journals are translated cover to cover: 
Izvestlya , Physics of the Solid Earth; Izvesttya , Atmospheric 
and Oceanic Physics ; Geotectonics; Oceanology; and Geo- 
magnetlsm and Aeronomy. Hydrology and geodesy are each 
covered by a journal of selected papers. Translations of three 
booke have been published during the last 3 years. We have 
Just begun publication of selected Chinese papers on earth- 
quake research and related tectonic problems. A complete 
description of the program appears in the directory issue of 
Eos (November 4. 1980, page 741). 

T ranslatlons are an expensive proposition. Although the 
number of subscribers Is small, the program overall Is not a 
financial drain for the Union and, In feel, makes a reasonable 
contribution to overhead. Individual publications are less 
healthy economically. We are seeking tests, In addition to 
financial viability, for assessing Ihe worthiness of AGU's 
translations. 

Are you familiar with Soviet research? Are you aware of 
AGU's translations? Do you use them? Can you assist us In 
evaluating the usefulness of the current program? Can you 
recommend directions for improving AGU's efforts? 

Please send your comments and recommendations to me 
at 

Department of Earth and Planetary Science 

Massachusetts Institute oi Technology 54-712 

Cambridge, Massachusetts 02139 


The current statement of objectives for the translations 
program are reproduced below. The Board also welcomes 
comments on these objectives; these statements are the 
foundation for evaluating the program, 

1 . To make Soviet and Chinese geophysical literature 
available to those scientists whose command of English Is 
better than their command of the original language in which 
the research was published, 

2. Not only to provide access to the most interesting and 
useful science being done in the USSR and In China but also 
to provides representative picture of what the current Inter- 
est and level of progress fs In these two countries. 

3. To support the Information needs of AGU members 
and scientists worldwide who require regional information in 
their disciplines. 

4. Recognizing that the high cost of translation and pro- 
duction of translations generally places them outside the 
range of Individual subscriptions, to provide Ihe broadest 
possible access to this literature without a financial strain on 
the Union. 

Peter Molnar, Chairman 
Translations Board 


The Jovian Magnetosphere: 
A Post-Voyager View* 


T. W. Hill 

Space Physics and Astronomy Department 
Rice University 


Introduction 

At the Rice University Conference on the Physics of the 
Jovian Magnetosphere, Interactive discussion among In situ 
observers, remote observers, and theorists was encouraged 
by means of an Informal workshop format. This format was 
successful in promoting a useful degree of open discussion, 
but because of the Informality of the conference format, nei- 
ther an abstract book nor a conference proceedings 19 avail- 
able for general distribution. In an attempt to bridge this Infor- 
mation gap, I describe here several of the Important results 
presented at the conference and attempt to characterize the 
emerging post-Voyager status of understanding of Jovian 
magnetosphere physics. A brief bibliography Is provided for 
me reader who desires more detail. Included are pre-Voy- 
ager reviews and reference to many of the Voyager results. 

The lo Torus 

The 'lo torus' refers to a doughnut-shaped cloud of plasma 
and un-lonlzed gas that coincides, more-or-less, with the or- 
bn of lo, Jupiter’s Innermost Galilean moon. It is generally 
agreed that the torus material Is supplied by lo, especially by 
is volcanic’ eruptions or geysers, which were discovered by 
oyager 1 . It Is also generally agreed that heavy ions from 
me torua constitute the primary source of the plasma respon- 
in '? the ln * lat,on of Jupiter's outer magnetosphere. The 
/V s ' 1BS b0 en observed remotely through Its optical and UV 
nnluf lin0s by Ead *>based and Earth-orbiting telescopes 
dim ik Voya 9 0r 1 and 2 spacecraft. The composition, 
anc f temperature of the torus material have also now 
, 0n [H 8a8u red In eltu by the Voyager 1 spacecraft. The 
, 8 ls foUnd to consist primarily of oxygen and sulfur Ions 
d0rlved from SO- exhausted from thegey- 
hnn 1 u srr,a| l©r amounts of sodium, potassium, and per- 
aihi os 0f ' “'V® 1 unidentified, elements. Both remote and In 
observations Indicate a peak torus concentration of a few 
lons P 0r °ublc centimeter and temperatures that 
ra ^e from 1 0 4 to a few times 1 O 6 K . 

'aSirt- 8 * telescopic observations, C. B. Pilcher 
emnnf? h9 dele ction of high-velocity jets of neutral sodium 
i eiwMi,!? 9 ^tward from the satellite lo. These jets have 
qL., 2 ^oclties of at least 4-5 km/s, well In excess of the 
Slum?., 0sca P 0 V0 lodty from lo (2.50 km/s). These so- 

snjnih/ 9 ? ra 011,8 considerably more energetic than the 
araEtt i 1 88 dia c°vered by Voyager 1, which do not gen- 
i i 0 , . ' y8lla,n escape velocity. The short lifetime of Individual 
' 0oerflH UreS implles the existence of a rapid loss mechanism 
Pact irJ? ? ,be central sodium— presumably electron im- 
of Dare? 2 ., on ' wfl lch would Imply a rapid and direct means 
theteta^ a 5 n P 010 ou t 0r plasma torus. It Is not known whether . 
from ijlf *? nate frorn a highly localized sputtering process or 
icthantk 6 out g ass lng events similar to, but more energet- 
8 r o 9ey80rs observed by Voyagers 1 and 2. 
doubh/ii e ' re P ort ®d Voyager ultraviolet observations of 
reoion ft -?i? 0d 8Ul * ur emission, which delineates the hotter 
,he torus (-105 K), as compared to the relatively 
_egions ("“ 1 0 4 K) responsible for the optical emissions . . 
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«Hy ad2J2, nd01 ^tawing of Jovian magnetdspherlo dynamics. Sevr 
^n»vE!? wn four countries presented the several ‘ 
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from singly Ionized sulfur observable from Earth. The UV 
emissions exhibit a local-time asymmetry, with the duskslde 
torus appearing 50% brighter than the downside In the Voy- 
ager observations. If this asymmetry proves to be persistent. 

Its explanation will provide quite a challenge to theorists be- 
cause thetoru8, located only 6 Jovian radii (R ) from Jupiter, 
is thought to be well Insulated from the perturbing effects of 
the solar wind, which become Important beyond 40 or 50 Ry. 

It is difficult to explain local-time asymmetries without In- 
voking solar wind effects. (The day-night asymmetry of the 
solar heating of Jupiter's atmosphere could also, In principle, 
produce a local-time effect, but the energy involved In solar 
heating appears to be negligible In comparison with the total 
energy budget of Ihe torus.) 

The UV torus emissions observed by Voyager apparently 
do not exhibit the longitudinal asymmetry (corotating with Ju- 
piter) apparent In the optical emissions observed from Earth. 
On the other hand, the auroral emissions from Jupiter's at- 
mosphere, thought to be excited by electrons that precipitate 
from the toms, do appear to have such an asymmetry, being 
brightest In the longitude range 195° s \ m £ 235° (although a 
possible effect attributable to viewing geometry cannot yet be 
ruled out). It Is of Interest to note that this longitude range 
corresponds to the 'active sector' of Jupiter's magnetosphere 
that had been Identified earlier from remote radio observa- 
tions and from Pioneer 1 0 and 1 1 observations; the active 
sector plays a fundamental role In Ihe ’magnetic anomaly 
model' of Jupiter's magnetosphere that Is described below. 

D. E. Shemansky demonstrated that Voyager UV observa- 
tions do not show a dramatically enhanced Intensity In Ihe 
near vicinity of lo, and this negative result Implies an upper 
limit to the plasma Injection rale at lo that Is 2 orders of mag- 
nitude lower than earlier estimates of the plasma Injection 
rate that were based upon optical observations and observed 
departures from Ideal corotatlonal flow (see below). R. A. 
Brown suggested that these disparate results could be rec- 
onciled II the sulfur and oxygen plasma were Injected not di- 
rectly from lo but from a broadly distributed neutral gas cloud 
spread over a significant fraction of lo's orbit, similar to the 
neutral sodium cloud that has been observed. Shemansky 
also noted lhat the UV observations Indicate a sulfur-to-oxy- 
gen abundance ratio of 0.6, consistent with the idea lhat most 
of the sulfur and oxygen plasma derives from dissociative 
ionization of the sulfur dioxide that Is a principal component 
of the Volcanic' emissions of lo. 

G. L. SIscoe and F. Bagenal presented Voyager 1 1n situ 
measurements of the heavy-lon torus plasma, largely con- 
firming plasma parameters (density, temperature, and com- 
position) that had been Inferred from remote optical and UV 
observations. Bagenal noted that the abundance ratio S/O - 
0.6, Inferred from UV observations, would be consistent with 
the local plasma measurements If one assumes that the 0 + 
and S + Iona are Injected with a common thermal velocity 
rather than at a common temperature. This common-velocity 
Injection would be expected If the Induced electric field 
caused by plasma corotatlonal motion past lo were jfteprl- 
mary energy source tor the Ions, as lllua^etln.^^e^. 
SIscoe also noted lhat this lntefpretatl^'Ofih^vwager 0 p^ 
plasma data would Imply that the lope were^^pfltu^^,- 
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Fla 1 ItfcatmUonot Ihe 'pickup' of heirly Ionized atoms by the 
cor&on electric field. If the atom Is 

: the resulting motion consists Of a superpo^tiofi of E x B drift and 
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Fig. 2. Latitudinal oscillations of lo torus plasma discussed by 
A. J. Dossier. The centrifugal acceleration il 2 r has no Held-aligned 
component al the centrifugal equator' <c) , which lies between the 
magnetic equator (m) and the spin equator (s). Plasma from lo is 
generally Injected near s and thus executes Neld-alJgned oscillations 
about c. 


(Figure 1) in a region where the flow velocity was only -25° o 
of the corotation velocity at lo's orbit and thus inferred the 
existence of a region of reduced rotational flow near lo that 
would be caused by the large Inertia of freshly- injected 
plasma. (The rotational How velocity near lo's orbit was ob- 
served to be very nearly equal to the local corotation velocity, 
as reported by R. L. McNutt (see below), but the velocity 
observation was not made In Ihe immediate vicinity of lo 
Itself.) 

A. J. Dossier Interpreted observed Irregularities in plasma 
density In terms of a model of latitudinal plasma oscillations 
about the equatorial plane, which are analogous to the oscil- 
lations of a pendulum In the artlflcfa! gravity field associated 
with the centrifugal force of corotation (Figure 2). 

G. L. SIscoe noted that the portion of the torus outside lo's 
orbit is at (east 1 0 times hotter than lhat Insfde lo's orbit and 
that this difference Is most easily explained by assuming that 
outward radial transport Is much faster than Inward radial 
transport. SIscoe and J. D. Richardson have modeled this 
transport fn terms of a diffusion process wherein the outward 
difftjslon rate Is enhanced by a factor of 50 relative to the 
inward diffusion rate as the result of a cenlrifugally driven in- 
terchange instability (essentially equivalent to the Rayleigh* 
Taylor Instability of a heavy fluid floating on a lighter fluid, 
except that 'gravity 1 here Is outward, owing lo the centrilugaf 
force of corotation). T. W. Hill proposed an alternative de- 
scription of this rapid outward transport In terms of a con- 
vection system driven by azlmuthally asymmetric mass load- 
ing of the toms (Figure 3). 

M. L. Acuna presented an analysis of Voyager 1 magne- 
tometer measurements indicating that a current -3 x 10“ A 
links lo to Jupiter's ionosphere. Such a current, driven by the 
400-kV EMF produced by the relative motion between lo and 
the corotatlng magnetosphere, would draw energy from that 
relative motion at a rate of ~10 ,a W. By comparison, SIscoe 
and others estimated lhat the torus dissipates a total power 
approaching 10“ W, through Its auroral emissions In addition 
to Its local optical and UV emission. M. G . Klveison argued 
that the magnetometer observations would be consistent 
with a much smaller current (—7 x 1 0 B A) If the current were 
distributed through a larger region than the lo magnetic flux 
tube. 

Acuna also showed evidence of extended wakelike distur- 
bances In the corotqtlonal flow downstream of Ganymede, 
the third of Jupiter's Galilean moons. These disturbances ex- 
hibit 6%-l0% depressions of. the magnetic field and associ- 
ated plasma signatures lhat are sometimes, but not always, 
consistent with diamagnetic depressions. The disturbances 
also show evidence of energetic-particle acceleration or trap- 
ping within the magnetlo cavities; The disturbances have ap- 
parent dimensions much larger than the geometrical wake of 
Ganymede Itself, phd the origin and nature of Ihe Interaction j 
are not well understood. 

. . R. M. Thorne showed that the whistler-mode plasma wave 
turbulence observed In lo's torus by Voyager .1 would jird- , 
due© rapid precipitation of torus electrons into Jupiter’s atmo- 
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Ffg. 3. The longitudinally asymmetric Injection of plasma In the to 
torus produces a partial ring current/, which doses by means of Reid- 
aligned currents connecting to Poderson currents in Jupiter's Iono- 
sphere The closure of the Pedersen current requires an electric tlold 
E, which Is associated with outward drill v - E < BIB 3 . An Inward 
return How toward Jupiter occurs In the opposite longitude sector (not 
shown). The convection pattern corotetes with Jupiter and provides a 
mechanism lor rapid outward transport of Iholo torus plasma (T. W. 
Hill), while the associated Nold-allgnod currants may produce doca- 
motrlc or kitomolric radiation (A. J. Dossier). 


sphoro. In addition to accounting for Iho obsorvod auroral 
omissions (ram Jupiter, this precipitation would Imply tho ox- 
islorico of n rapid radial transport or local acceleration mech- 
anism to roplnco tho olocirons lost Into tho almosphoro on a 
flmo scnlo of I day. 

T. V. Johnson discussed a modol of eloctroslatlc charging 
(by electron Impact) ol dust particles carried aloft by lo's 
oruptivoplumos. He esllmalas that submlcromoter-slzodust 
particles may bo charged up to - 10 V, sufficient lor iho 
Lorontz forco to overcome lo's gravity and allow the dust par- 
ticles to escape directly to Iho magnotosphere. Tho sub- 
sequent breakup ol such particles would directly provide a 
distributed source of sulfur and oxygon to tho torus. Tho 
mass output ol tho plumes ( - tOOO kg/s) appears sufficient to 
maintain the observed plasma torus against loss by outward 
transport 

L J. Lanzorotti reported laboratory measurements of the 
sputtering of SO ? Ice by incident 1 .5-MoV ions, indicating that 
incidont O’ ions produce a remarkably high yieid ol -4000 
sputtered atoms per incident ion. This result suggests that 
the lo torus may sustain Itself to a large degree by haavy-lan 
sputtering of mntorfal from the S0 2 -onriched surface of lo. 


Low-Frequency Radio Emissions 


■Decamotrlc’ (wavelength a 10 m) radio emissions from 
Jupiter have been observed extensively by earthbound radio 
telescopes for over two decades, and they have provided 
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Coy»f . Schematic illustration ol two models that have been pro- 
posed to o«p)ai n 1 0-hour variations In Jupiter's magnetosphere, 
htodtrtiiuons o( par tide flux are schema Really Illustrated Jn panel A. In 
me dsc modof (pane) B), the fiu«c maxima ate associated with apace- 
^ encournors with the currant sheet located In the magnetic equa- 
™ pfflno * n anomaly model (C). the maxima are associated 

® ncountor * vrivhapartleutar ectivo tongttutte sector 
(shaded). The Voyager t and 2 l/ajedoriaa encountered the magnel- 
•cetajator twice per rotation (0), unlike the Pioneer 10 and 1 1 traleo 
fortes (B). Thus die dec model would predict two Dux maxima per 
Voyager (soN Una in E). wtiereas the anomaly model 
would sw predet one maximum par rotation (dashed Hne in E)„ VoV- 
■Jj* lfT ^?5J XOffK)na U9 flwwaBy odnadtent with the cflsc model 

.*. «“**» of Voyager observations and Earth- 
D^oowitawrn toioqutat ccvolating anomaly tftects as 

wofl. 


much Indirect evidence about Jupiter's magnetosphere, and 
especially its Interaction with lo. The occurrence rate and in- 
tensity of decamelrlc ratio slorms depend strongly on both 
Iho Jovian longitude of the observer and the orbital phase of 
lo relative lo the observer. These correlations have given rise 
to models wherein the radiation is emitted In a narrow conical 
beam nearly perpendicular to the magnetic field near the foot 
of the Jovian magnetic flux lube that Intersects lo. The ener- 
gy source for the emission Is widely considered to be an elec- 
tron beam associated with the magnetlc-field-allgned current 
lhat connects lo with Jupiter's ionosphere, the current being 
driven by the EMF associated with the relative motion be- 
tween lo and the corotallng magnetospheric plasma. Radio 
receivers on Earth-orbiting satellites, and on Voyagers 1 and 
2, have now extended these decametric observations to 
longer wavelength regions of the spectrum — heclometrlc (A 
- 100 m) and kllometric (A - 1 km). The Voyager receivers 
have also provided a new viewing perspective on the post- 
encounter trajectories to the predawn sector of Jovian local 
time. 

T, D. Carr reviewed recent ground-based and Voyager- 
based radio observations, noting that the lo-orbltal phase 
control tends to disappear at lower frequencies (hectometrlc 
and kllometric) and that new Voyager observations Indicate 
an apparent local-time dependence superimposed on the 
known Jovlan-longltude dependence of the radio sources 
(see below). He also pointed out that the location(s) of the 
source regions has not been definitively established for any 
of the low-frequency radio emissions. It was noted by J. Alex- 
ander that the observed frequency and polarization charac- 
teristics would place most II not all known emission sources 
at low altitudes In Jupiter's northern hemisphere (with the 
possible exception of the narrow-band kllometric component; 
soo below). 

J. R. Thieman observed lhat the decametric (10 MHz) lo- 
depondonl sources appeared at the same Jovian longitudes 
In pro- and postoncounler Voyager observations as they did 
in Earth-based observations, thus supporting the traditional 
view lhat the radio sources corotate with Jupiter and are In- 
dependent ol local time. On the other hand, he noted that the 
lo-Independent component seems to shift toward smaller lon- 
gitudes In Ihe postencounter observations, as if there were a 
local-time dependence of the strength ot the various source 
regions. This result would present theoretical difficulties com- 
parable to those noted above in connection with the apparent 
local-time dependence of the UV brightness of the lo torus. 

Similarly, tho broadband kllometric component, discovered 
by Voyager 1 and described by M. D. Desch, exhibits an ap- 
parent local-time dependence. The pre- and postencounter 
observations are clearly different with regard to polarization 
sense (LH before encounter, RH after) as well as emission 
probability and intensity (smaller after encounter than be- 
fore). These results were Interpreted in lerms of a model In 
which the postencounter observations are attributed to over- 
the-pole viewing ol Ihe same dayside source that produces 
the preencounter observations when viewed directly from lo- 
cal noon (Figure 4). Some skepticism was expressed about 
the plausibility of this over-the-pole viewing geometry, but 
an allernative explanation of Ihe difference between pre- 
and poslencounter observations In terms of a latitude effect 
also has implausible features. A satisfactory explanation for 
the observations was not Immediately apparent. 

M. L. Kaiser described a narrow-band kllometric wave 
component (also discovered by Voyager 1) whose source 
apparently rotates 3%-5% slower than ihe rigid System III 
( 1 965) rotalion rate that Is characteristic of all other known 
Jovian radio sources. From this rotation lag, and from consid- 
erations of propagation and viewing geometry, Kaiser Infers 
that ihe source ol the narrow-band kllometric component le 
located near the outer edge of Ihe fo plasma torus In the 
magnetospheric equatorial plane rather than at the htgfvlatl- 
tude Jovian topside ionosphere, as Is thought to be the case 
for the other low-frequency sources . 

H was noted by Alexander and by C. K. Goertz that the 
decametric emissions, and especially the lo-Independent 
component, often occur at frequencies above the cyclotron 
frequency of electrons in the strongest magnetic field acces- 
sible to trapped electrons, the implication being that the emis- 
sion is caused nol by trapped electrons but by precipitating 
electrons. 

A. J. Dossier noted that the magnetic anomaly model, In 
which plasma Is produced preferentially In a particular active 
sector of Jovian longitude, predicts a partial ring current in 
the lo toms (Figure 3), which In lurn produces magnellc-fleld- 
aflgnecf current densities of -1/4 A/km a , similar to Ihe magni- 
tude ol current density that Is known to produce terrestrial 
kllomslric radiation. 

M. L Goldstein proposed a mechanism lo account tor the 
arc-shaped features in the dynamic spectra observed by the 
Voyagers, Involving an emission cone angle lhat depends on 
frequency. D. A. Gurnelt further proposed lhat the observed 
multiplicity of these arc emission features might be produced 



. Seeming model proposed by M. D. Desch In which broad- 

band Wtomelric radiation Is emitted along the surface of a cone dial 
may Intersect the observer either on the aamo side of Jupiter (to the 
right) or over Jupiws pole (to the left). It Is proposed that the emls- 


by multiple bounces, between northern and southern Jovian 
hemispheres, of a large-amplitude Alfvdn wavs produced by 
the Interaction between lo and the corotatlonal magneto- ^ 
spheric flow. 

Kaiser also announced the first definitive observation (by 
the Voyager 1 and 2 planetary radio astronomy experiments) 
of radio emissions from Saturn. The emissions were ob- 
served at 200 kHz, and Kaiser noted that Saturn as a radio 
emitter looks much more like Earth than like Jupiter. 
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Plasma Flow and Rotational Dynamics 


The Pioneer 10 and 1 1 encounters (1 973- 1 974) confirmed 
earlier suspicions that the corotation of the magnetospheric 
plasma with the planet would produce more important dy- 
namical effects at Jupiter than at Earth, primarily because d 
the larger size and faster rotation rate of Jupiter. Voyager 1 
and 2 (1 979) measurements, on the other hand, have now 
confirmed recent theoretical suggestions that corotation In ! 
Jupiter’s magnetosphere is imperfect, with the angular veloo- i 
ity decreasing with increasing distance from Jupiter, owing to 1 
the weakness of the atmosphere-magnetosphere coupling j 
and the rapid Injection of plasma from lo Into the magneto- I 
sphere. Nevertheless, corotation has important effects on Die i 
magnetosphere, including the 10-hour spin modulation of m 1 
ergetlc particles and magnetic fields in the magnetosphere 
and the spin-periodic ejection of energetic particles into Inter- 
planetary space. The centrifugal force of corotation Is re- 
sponsible, at least in part, for inflating the outer magneto- 
sphere Into a discllke field geometry, and several authors 
have suggested that the corotatlonal centrifugal force causes j 
the magnetic field to open at some distance to allow the es- ! 
cape of accumulated plasma in the form of a 'planetary wind ' 
Pioneers 10 and 11 had discovered persistent modulations*! 
the magnetic field and particle fluxes at Jupiter's 10-hour ro _ 
tation period, both inside and outside the magnetosphere, as 
illustrated schematically in the cover figure A. The 'magneto- ! 
disc model' attributes these 1 0-hour variations within the 
magnetosphere to the diurnal precession of Jupiter's mag- I 
netic axis about Its spin axis, which causes a periodic woHt! 
of the disc field configuration (cover figure B). The 'mag- ’ 
netic anomaly model' attributes the 10-haur variations both 
Inside and outside the magnetosphere to the corotation of a . 
longitudinal plasma asymmetry (cover figure C) that 
causes the planetary wind and related processes to varywiDi 
the spin period. The Pioneer trajectories lay almost entirely ; 
outside the range of latitudinal wobbling of the proposed disc i 
(cover figure 0), and the disc model would thus predict 
only one maximum and one minimum per 1 0-hour cycle, as ! 
would the anomaly model. The two models were thus in- 
distinguishable on the basis of Pioneer data. The trajectories 
of both Voyager spacecraft lay within the latitude range olfr 
hypothetical rigidly wobbling disc (cover figure D), where- • 
in the disc model would predict two maxima and two minimi: 
per rotation (cover figure E, solid line), while the anomaly , 
model would still predict one (cover figure E, dashed lintt | 
Voyager data within 80 R, are generally consistent with the 1 
disc model signature, while a number of observations (sow 
of them noted below) appear to require the existence ol a 
corotating anomaly as well. 

V. M. Vasyllunas compared Voyager 1 and 2 plasma me* •, 
suremsnts obtained by the plasma science experiment (PL$ 
and by the low-energy charged-particle experiment (LECP) | 
The departures from rigid corotatfon reported by the PLS a « j 
consistent with a predicted corotation lag caused by their# 1 
tlal drag of plasma continuously Injected by lo. The LECP 
results reported by S. M. Krlmlgls et al„ on the other hand, 
Indicate strict corotation to greater distances than would 
seem to be consistent with Ihe PLS results, and there re- 
mains some controversy as to the degree to which corolatb 1 
Is enforced In the outer magnetosphere (see section enlNd 
‘Outstanding Issues and Controversies,' below). R. L. McKu® 
reported from PLS measurements that departures from cow 
tatlon become significant beyond the orbit of lo at 0 fl. and 
that the PLS results would be consistent with the 5% Tag in 
the outer torus Inferred by Kaiser from the narrow-band kilo* j 
metric observations. 

Vasyllunas also noted that the antlsunward flow report^ 
by the LECP experimenters In the distant magnetosphed® 
tall was consistent with theoretical expectations based 
on the concept of a planetary wind (Figure 5). Apparently 
this wind consists primarily of heavy Ions from the lo torus, 
although the composition of the wind was not measured dl* 
rectly. 

R. P. Lepplng reported Voyager observations of spln-pe^ 
odlc perturbations of the magnetic field In the magnetoshaw 
(Just outside the magnetosphere). These observations ap- • 
pear to support the basic premise of the mag netic anomaly 
model. A. W. Schardt presented an analysis of Voyager • 

crossings of the magnetospheric current sheet (disc). His y, 
analysis Indicated a reduced Alfvdn wave propagation 
speed, and hence an enhanced plasma mass density, hw 
active sector as defined by the magnetic anomaly model- 
de Pater showed an analysis of high-frequency radio obsef' 
vatlons that suggests the existence of a rotating ’hot spot’-"* 
localized excess concentration of relativistic synchrotron-^” 
dialing electrons near the planet — in roughly the same aotW 
sector as that defined by the magnetic anomaly modal. 


Particle Acceleration! Diffusion! and Los* 


The classical mechanism for particle acceleration in P] 8 ^ 
etary magnetospheres Is the 'betatron' process whereby l 
charged particles are transported Inward Into regions ofjwf: 
er magnetic field strength, jf the transport occurs adlabatlp^ 
ty with respect to Ihe first and second adlabatic.tnvariahtSi 


the difference bdlween direct and over-the-pole viewing geometries . 

woijW Ihe differences between iireencountar end post- 

oncounter.Voyafler obaervatJons. ' • . i • 
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crease of equatorial magnetic field strength. The pi ? 
theh analogous to the adiabatic compression of an Id4« Jr?;- 
The Inward transport may occur, through randomly 
Inward and outward motions of magnetic flux tub;es ('radjF g 
diffusion*) or through a systematic circulation Cconvectiop JJJ 



Fig, 5. Schematic Illustration of the generation of a planetary 
wind on Jupiter's nlghtslde (equatorial view, with the sun to the left). 
As Illustrated here, plasma rotates on closed magnetic flux tubes 
throughout Ihe dayside magnetosphere, but the outermost (lux tubes 
are forced open to allow plasma escape in the dusk sector of the tall. 
Reconnection of these open flux tubes In the dawn sector of the tall 
produces the apparent divergence of the flow lines away from the 
reconnection region (dashed line), resulting In primarily rotational 
flow wllhln the dashed line and tallward flow beyond the dashed line. 
As pointed out by V. M. Vasyllunas, this theoretical scenario Is con- 
sistent with observations reported by the Voyager low-energy 
charged-particle experiments. 


which particles are transported Inward on one half of the flow 
cyde and outward on the other half. Pioneer 10 and 11 ob- 
servations had confirmed the Importance of betatron acceler- 
ation through radial diffusion in Jupiter's magnetosphere, as 
well as toe expected role of lo in accelerating particles to 
energies of several hundred klloelectron volts. The Pioneer 
observations also, however, demonstrated the need for an 
additional, faster, and more potent mechanism to produce 
the several million electron volt particles observed in the out- 
er magnetosphere (where the magnetic field Is relatively 
weak), as well as the similar particles that are ejected Into 
interplanetary space. 

T, W. Hill reviewed recent theoretical mechanisms that fo- 
cus on the problem of explaining the energetic particles (sev- 
eral million electron volts) observed In the outermost magne- 
tosphere and in Interplanetary space. One Is a recirculation 
mechanism wherein particles are recycled through the beta- 
tron process by alternating cycles of adiabatic compression 
and nonadlabatlc (rapid) expansion. The 'magnetic pumping' 
process also Involves alternating cycles of adiabatic acceler- 
ation and nonadlabatlc relaxation, but It utilizes the day-night 
variation of magnetic field strength along a corotatlonal drift 
path rather than the radial gradient of field strength. Both of 
these processes are capable ol producing million electron 
volt energies In the outer magnetosphere, but both are In- 
trinsically slow processes that apparently cannot sustain the 
high rate of ejection of energetic particles Into Interplanetary 
space and the rapid refilling of the outer magnetosphere. 

A potentially powerful and rapid acceleration mechanism 
Involves magnetic merging or field annihilation In Ihe current 
shset of toe outer magnetosphere. This process provides, In 
principle, a means of rapidly tapping the energy stored In the 
™9hly stressed magnetic field configuration. The merging 
jooiy Is not sufficiently developed to make quantitative pre- 
dictions of the expected particle energy spectrum, but obser- 
yationsin Earth’s magnetospheric tail suggest that the merg- 
'ng process is capable of producing the required high 
energies on the required short time scale. R. W. FlltiuBre- 
a e ui 0d an * m P°rtant analysis of Pioneer observations by 
J- W. Schardt and colleagues, showing evidence of local ac- 
celeration of energetic particles In the outer-magnetospharlc 
current sheet. The observed flow of energetic Ions away from 

ecurremaheet apparently Implies a total acceleration rate 
th 010 W ^ er ^ ar| d c relatively short particle lifetime of 

®, order d toe 10-hour Jovian rotation period. These obser- 
.r^Gan be taken as evidence for a current-sheet field 

annihilation process. 
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A. J. Dossier pointed out the existence of a theoretical up- 
per limit to the rate at which energy can be drawn from the 
centrifugal potential field of corotation, this limit being propor- 
tional to the rate at which plasma Is Injected by lo Into the 
magnetosphere. Using the largest values Inferred for this 
plasma mass Injection rate (-10 3 kg/a), this upper limit Is 
dangerously close to the 1 0 H Wthat was mentioned earlier 
In reference to both the torus-associated auroral emission 
and toe current-sheet acceleration process. 

Fllllus and C. E.*Mcllwaln noted that the possible role of 
large magnetlc-field-allgned electric fields has bean general- 
ly overlooked in theoretical attempts to explain the MeV elec- 
trons observed In the outer magnetosphere, although such 
Helds are widely recognized as Important In the acceleration 
of auroral electrons In the terrestrial magnetosphere. Dif- 
ferential rotation between different portions ot a given Held 
line can in principle produce megavolt potential drops along 
the magnetic field. 

A. Hasegawa presented a theory of a 'ballooning instabili- 
ty,' wherein Ihe centrifugal force of the plasma that streams 
along toe sharply curved magnetic Held lines which thread 
the current sheet forces the magnetic field to stretch to the 
breaking point. The instability la analogous in some respects 
to the classical Raylelgh-Taylor instability, with the centrifu- 
gal 'gravity field' directed outward. The instability may be In- 
strumental in releasing the planetary wind outflow and In es- 
tablishing the highly stressed magnetic Held configuration 
that to a prerequisite lor ihe last magnetic merging process 
described earlier. 

M. Schulz discussed a synergistic interaction between two 
radiation modes that affect the loss of relativistic electrons in 
the Innermost magnetosphere— a cyclotron Instability, which 
tends to occur near the magnetic equator, and synchrotron 
emission, which tends to occur more at the hlgh-latitude ex- 
cursion of a particle bounce trajectory along a magnetic Held 
line. Each radiation mechanism alters the particle velocity 
distribution In such a way as to enhance the other. The Inter- 
play between the two radiation mechanisms was thus aptly 
described by Schulz as a 'cyclotron-synchrotron maser.' 
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Outstanding Issues and Controversies 


The first two points listed below were discussed at length in 
the final session of the conference; these discussions served 
to bring the issues into clearer focus but did not really resolve 
(hem. The remaining questions were identified or empha- 
sized during the course of the conference as critically impor- 
tant issues to be resolved by future research. 

There is an apparent discrepancy between plasma How 
measurements reported by Ihe two plasma experiments on 
each of Ihe Voyager spacecraft. The two experiments cover 
different ranges of particle energies but should presumably 
give the same value for the components ol plasma flow per- 
pendicular to the magnetic field, and in particular, lor the co- 
rotatlonal component of flow. As was pointed out by Vasyll- 
unas, there is not yet a clear, direct contlict between the two 
sets of measurements because there to no overlap between 
the regions of space within which Ihe two experiments have 
reported flow measurements. However, Ihe PLS has report- 
ed significant (up to 50%) departures from Ideal corotation 
between 10 and 40 R, distance, toe degree of departure in- 
creasing with Increasing distance, as expected theoretically, 
while toe LECP has reported essentially rigid corotation be- 
tween 40 and -100 R y It is difficult to reconcile these two 
results theoretically, and a direct comparison of simultaneous 
results from the two Instrumenls In the same region of space 
would be desirable In order to decide whether we have an 
experimental discrepancy on toe one hand or a theoretical 
dilemma on the other. 

it Is important to establish whether the source of torus 
plasma is localized near lo oris distributed widely around lo's 
orbit. In toe former case, the low Intensity of UV emission 
observed from lo's vicinity would be hard to reconcile with the 
large plasma injection rates (al 0 3 kg/s) inferred from the op- 
tical observations, toe Intensity of the lo-assoclaled Jovian 
aurora, and the obseived corotation lag. In the latter case, 
the interesting problem would be to account theoretically for 
such a widely distributed source. 

• How persistent are the reported local-time asymmetries 
in UV torus emissions and certain low-trequency radio emis- 
sions? Can these asymmetries be attributed to a latitude 
rather than a local-time variation? tf the local-time variations 
are real, what do they tell us about the lo-JupIter interaction? 

• Is tha rapid outward transport of torus plasma better de- 
scribed In terms of a systematic convection pattern or In 
terms of stochastic radial diffusion? 
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• What Is the energy budget of the lo torus, and what are 
the sources and sinks of this energy? 

• Is Uib lo- Jupiter current system better described as a 
steady state circuit closed by ohmic currents In Jupiter's Iono- 
sphere or as a system of Alfvdn waves only weakly coupled 
to Jupiter's ionosphere? 

• What is the nature of the interaction that produces the 
Ganymede wake? 

• What are the precise locations of the various low-tre- 
quency radio sources? (The answer to this question would 
narrow the choices ot relevant emission mechanisms.) 

• What are the relative abundances of hot versus cold 
plasma in the outer magnetosphere and the relative impor- 
tance of their dynamical effects ('hot* and 'cold' being defined 
relative to the local corotation energy)? 

• What are the relative roles of the disk model versus the 
magnetic anomaly model In producing 10-hour variations in 
the outer magnetosphere and beyond? 

• What is the nature of the magneloshealh disturbances 
lhat are observed to occur with a 10-hour periodicity? 

■ What mechanism is primarily responsible for the rapid 
production of energetic particles In the outer magnetosphere 
and their ejection into Interplanetary space? 

• Does the planetary wind form just at, or significantly 
beyond, the distance at which the rotational energy density 
becomes comparable to ihe magnetic energy density? Does 
the planetary wind exhibit a 10-hour periodicity? 

« Are there large-scale regions of magnetlc-field-allgned 
electric fields associated with differential rotation? If so, what 
Is their role (n energetic particle acceleration? 

This list Is probably incompleto, but it serves to Illustrate 
ihe kinds of questions we are learning to ask in this post- 
Voyager, pre-Galileo era of Jovian magnetospheric research. 
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an Academy panel. The Implications of this congressional 
move are uncertain. 

The overall requests of the Administration were followed 
almost 100%. the biggest discrepancies between the Ad- 
ministration's request and Congress' approval were In the . 
budgets of ihe defense Department, 3% less than requested, 
and the Environmental Protection Agency, 6% less than re- 
quested; however, both had large Increases .— PMB ® . • 


Upcoming Communications Satellites • 

A new series of international and business comrriunlca? , 
tlona satellites Will be launched by '.workhorse 1 rocket sy3- 
. terns, including updated Della and Atlas/Csnfaur rockets, ^ . 
:: cjver. the, next few year?. There la, of bourse, a 'long-shot 1 ;• 

. ■ option that the space shuttle; as .originally conceived, will be 
' . Used to plscethe.sateintes In orbit, buf np one Is willing \o bet 
right now that the ahuttle wiil be functional and operational In. 
;• , \ . (News cont.pn pa^e 28 ) 
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(News conf. from page 27 ) 

time. Instead, the U.S. will employ updated versions of 15- 
20~yoar-ofd rockets to launch a series of satellites with 
names like ■INTELSAT,' 'INS AT/ Palapa/ and ‘SBS' into 
geosynchronous orbits. 

Communication Satellites 

INTELSAT V Is (ho first of a 'new generation of interna- 
tional telecommunications satellites sponsored by the 105* 
nation international Telecommunications Satellite Organiza- 
tion (INTELSAT), headquartered In Washington, D.C. The 
satellite, which weighs 1.928 kg at launch, has afmost 
double (he communications capability o( early satellites in the 
INTELSAT series. It is positioned In geosynchronous orbil 
over the Atlantic Ocean so as to provide communications 
between North America and Europe. 

INTELSAT V satellite Is built by the Ford Aerospace and 
Communications Corp.. Palo Alto, Calif., using system com- 
ponents developed by firms in Franco, the United Kingdom, 
the Federal Republic of Germany, Japan, and Italy, ft has a 
capacity of 1 2.000 voice circuits plus two television channels. 

The Atlas Centaur (AC-54) launch vehicle placed the IN- 
TELSAT V into a highly elliptical orbit from 1 66 by 35.788 km. 
It is from this orbit, at apogee, that a solid-propellant rocket 
motor attached to the satellite will be fired to circularize the 
orbital geosynchronous altitudes over the equator. At that 
altitude, because the speed of the satellite in orbit matches 
the rotational speed of the earth, the satelflte will remain in 
position over one spot. 

This INTELSAT V launch costs approximately $76.6 mil- 
lion, including $34 million for the satoilito and $42 million for 
Iho Atlas Centaur and related launch sorvicos. which is reim- 
bursable to NASA undor (he provisions of a launch services 
ngroement signed In May 1980. 

NASA Administrntor, Robert A. Frosch, and Salish Dha- 
wan. secretary of Iho Government of India's Department of 
Spflco. signed an agreement recently in Bangalore, India, 
calling for the launch of two Indian camtnunicalons/meleor- 
ofoglcal satellites. The two satellites. Indian National Satellite 
(INS AT) 1 A and 1 B. operating In geosynchronous orbit, will 
provide India with point-to-point voice and tolevlslon commu- 
nications. community broadcasting, and weather data. The 
two satellites are being built by Ford Aerospace Corporation. 

The agreement calls for the Department of Space to be 
responsible for satellite manufacture and checkout and in- 
tegration of (he spinning solid upper stago (SSUS). which will 
boost the satellites into elliptical transfer orbit from which they 
will bo maneuvered Into Ihelr geosynchronous operating or- 
bits. NASA will provide all other launch -related services 
through the Kennedy Space Center, Fla. 

Stanley I. Weiss. NASA associate administrator for space 
transportation operations, and Dr. Suryadi. director general 
of posts and telecommunications for the Republic of In- 
donesia. signed an agreement in Jakarta, calling for the 
launch by NASA of two Indonesian communications satellites 
by January 1984. 

The two satellites. Palapa B-1 and B-2. operating in geo- 
synchronous orbil, will provide voice, video, telephone, and 
high speed data services to Indonesia and other member 
states of the Association of Southeast Asian Nations— t he 
Philiipines, Thailand. Malaysia, and Singapore. 

The agreement calls for Indonesia to be responsibfe for 
satellite checkout and integration ot the spinning solid upper 
stage, and NASA will provide all other launch- related serv- 
ices through the Kennedy Space Center, Fla. 

The first of three satellites In an advanced commercial 
communications system being established by Satellite Busi- 
ness Systems, McLean, Va., cal led SBS- A (SBS-1 In orbit), 
is being launched on a Delta launch vehicle. This Is the 1 53rd 
launch of a Delta. Over the past two decades the McDonnell 
Douglas-built launch vehicle has had a mission success rate 
of better than 90%. 

The launch will mark the debut of a new solid-fuel payload 
assist module (PAM-O), which will provide an approximate 
20% Increase in payload capability on missions to geosynch- 
ronous orbit over a Delta TE-364-4 third stage. Developed 
with private funding by the McDonnoll Douglas Astronautics 


Environmental Pollution, Chromosomes, and 
Health 

In mid-May, 1 980, President Carter cfeclared a state of 
emergency at Ihe Love Canal area, near Niagara Falls, New 
York. The reason for this was for the U.S. lo underwrite the 
relocation costs {S3-5 million) ol some 2500 residents who, 
according to a report by ihe EPA (Environmental Protection 
Agency) may have suffered damaged chromosomes. These 
injuries were apparently caused by contact with toxic wastes 
that had boon dumpod In the area in the years prior to devel- 
opment for housing. 

That iho toxic compounds exist in the Love Canal and Ni- 
agara Falls subsurface zones, including public water sup- 
plies. appears to bo established fact. That the residents of 
iho Loyo Canal area suffered chromosomal damage may be 
established fact as welt. Whether or not these two findings 
can be linked to ill hearth of the residents is another matter. 
Recently, the EPA report has been described as having 
ctose to zero scientific significance/ and has been 'dis- 
credited' (Science. 208 , 12&, 1980). The reasons for this 
disparity go beyond differences of opinion, beyond possible 
inadequacies ol the EPA study, and even beyond problems 
that probably win arise from future studies. Including those 
newin the planning stages- The problem is that even H vtc- 
i ms have easily recognizable Injuries from topic substances 
ls*Ky that apparently has not occurred to Love Canal resi- 
des). medical science usually cannot show a causal rela- 
ttomhip. Even chromosomal damage is, at beat, dHfcuttto . 
raaiptet. In ideal studfaa of significant populations and con- 
trol groups, the aMocia tionOf toxic chemical jo chromosome 
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Launch Vehicle 
Atlas Centaur 


Alias Centaur 


AHas-F 
AUas Centaur 


Atlas Centaur 

Delta 

Scout 

Atlas Centaur 


Atlas Centaur 


Launch Site 


ESMC 

WSMCt 

ESMC 


Sponsor and Description 

Comsat General Corp.— " 

communications — reimbursable 
Intelsat— communications— 
reimbursable 

NOAA— weather— reimbursable 
DOD— transit— reimbursable 
Satellite Business Systems— 
communications — reimbursable 
NOAA — weathsr — reimbursable 
INTELSAT— communications— 
reimbursable 

Radio Corporation of America— 
communications— reimbursable 
DOD— communications— relmburastfe 
NASA— scientific 
DOD— transit— reimbursable 
INTELSAT— communications— 
reimbursable 
NASA— scientific 

Radio Corporation of America— 
communications- reimbursable 
INTELSAT— communications— 
reimbursable 


‘Eastern Space and Missile Center, Cepe Canaveral, Fla. 
tWestem Space and Missile Center, Vandenberg Air Force Base, Calif. 


Co., Huntington Beach, Calif., the payload assist module is 
the Della version of Ihe spinning solid upper stage designed 
for use In the space shuttle. 

The SBS-A is a 550-kg satellite that will provide Integrated, 
all-digital. Interference-free transmission of telephone, com- 
puter, electronic mall, and video teleconferencing to SBS 
business and Industrial clients. The service should be Inau- 
gurated early this year. The second satellite In the series Is 
scheduled for launch on a Delta this year, and the third one 
wilt be launched (ram the space shuttle in (ate 1 982. By 1983, 
SBS also plans to establish an Intercity satellite telephone 
service that will connect up to 150 metropolitan calling areas. 

SBS-A Is a epln-stabllzed satellite 216 cm In diameter, with 
a stowed height at launch of 282 cm. After deployment In its 
geosynchronous orbit at about 35,880 km above the earth, 
the telescoping solar panel cylinder will be extended and the 
communications antenna raised, giving the satellite an over- 
all height of 660 cm. Each has a high-speed, all-digital 1 0- 
transponder system capable of relaying up to 480 million In- 
formation bits of data per second, the equivalent of more than 
1 0 million words. They are also the first U.S. domestic com- 
mercial communications satellites to use the higher, less 
congested 12/14 Gh (K-bend) frequencies. 

Once in orbit at 106 a W over the equator— about due south 
of Santa Fe, N.M.— the satellite's antenna pattern will cover 
the continental United States, delivering higher power to met- 
ropolitan regions in Ihe East, Midwest, and West Coast, 
where SBS customer communications traffic will be greatest. 
The payload assist module, being flown for the first time on 
Delta in place of the conventional third stage, is designed to 
inject Ihe satellite into an elliptical transfer orbit ranging from 
a perigee, or low point, of 166 km to an apogee of 14,252 km 
(22,950 ml.). It is from this orbit, at the fourth apogee, that the 
SBS-A apogee kick motor is fired, which will place the satel- 
lite Into Sts geosynchronous operating orbit. 

The Launch Vehicles 

Overall, Della, in service since 1 960, is 35.4 m tall and 
weighs about 192,099 kg at llttotf. The first stage Is a long- 
tank derivative of Ihe Thor vehicle, 22.5 m long and 2.4 m In 
diameler. Its main engine, burning FtP-1 fuel and liquid oxy- 
gen, Is rated at 920,777 N at sea level. It has a bum time of 3 
min 43 s. First-stage thrust augmentation Is provided by nine 
solid fuel slrap-on motors that are 1 1 .2 m long. Five of the 
motors are ignited at liftoff and four Ignite after the first five 
burn oul. Each motor, with a burn lime ol 57 s, provides an 
average of 379,298 N of thrust. 

Della's second stage, burning nitrogen tetroxlde as the 
oxidizer and Aerozene-50 as the fuel, is 6.4 m long and 1 40 


damage and to cancer and birth defects is Indirect and, up to 
now, has been shown to have little or no significance to an 
individual member of Ihe exposed population. 

Geophysicists concerned with groundwater resources and 
chemical pollution are becoming Increasingly aware of the 
extent of such pollution caused by dumping of wastes. By the 
same token, residents of areas known to be polluted are be- 
coming more concerned, and In some cases terrified. The 
residents of the Love Canal area have suffered, at leas! fi- 
nancially and psychologically, and Ihe government has con- 
cluded that they deserve recompense. But, what of the real 
question of medical effects: cancer, miscarriages, birth de- 
fects. seizures, etc.? At this time, it would appear that the 
geoadenlist concerned with pollution will have to proceed 
with studies, taking It on faith that uncontrolled disposal of 
toxlo chemicals must cease. 

The recent signing of the 'superfund* legislation by Presi- 
dent Carter will clear the way lor release of $1 .6 billion for 
cleaning up sites that have been used as dumps of hazard- 
ous wastes. The residents of polluted or contaminated areas 
may find little salve for Ihelr injured emotional state. No doubt 
the long-term results of studies of the Love Canal dump site 
will be very beneficial, although perhaps not as direct as 
might be desired. In a short article on chromosome damage, 
G. B. Kofala (Science , 208, 1240. 1 980) poinlsoutthal While 
such damage can be an important result of exposure to toxic 
chemicals, some damage occurs naturally from numerous 
nontoxtc causes. In tact, the normal number of panper oases, 
birth defects (11 % of all children bom), and spontaneous 


cm In diameter. It produces 43,592 N of thrust and burns for 
about 300 s. The second stage also contains the guidance 
system that generates steering commands for the first and 
second stages, as well as timing, staging, and engine re- 
starts when needed. 

The Atlas Centaur Is Nasa's standard launch vehicle for 
Intermediate weight payloads. It Is used for the launch of 
Earth-orbital, Earth-synchronous, and interplanetary mis- 
sions. Centaur was the nation's first high-energy, llquld-hy- I 
drogen/UquId-oxygen-propelled rocket. Developed and j 
launched under the direction of NASA’s Lewis Research j 
Center, it became operational In 1 966 with the launch of Sur- ; 
veyor 1 , the first U ,S . spacecraft to soft-land on the moon’s j 
surface. 

Since that time, both the Atlas booster and Centaur second \ 
stage have undergone many Improvements. At present, the j 
vehicle combination can place 4536 kg In low Earth orbit, ', 
1 928 kg In a geosynchronous transfer orbit, and 907 kg on an 
Interplanetary tra|ectory. 

The Atlas Centaur, standing approximately 39.9 m high, . 
consists of an Atlas SLV-3D booster and Centaur D-1 AR 
second stage. The Atlas booster develops 1 920 kN of thrust j 
at liftoff, using two 822,920-N thrust booster engines, one 
266,890-N thrust sustalner engine, and two vernier engines ! 
that develop 2890-N thrust each. The two RL-1 0 engines on , 
Centaur produce a total of 133,450-N thrust. Both the Atlas ■ 
and the Centaur are 3 m in diameter. i 

Until early 1974, Centaur was used exclusively in com- 
bination with the Atlas booster. It was subsequently used ! 
with a Titan III booster to launch heavier payloads Into Earth 
orbit and interplanetary trajectories. 

The Allas and the Centaur vehicles have been updated 
over the years. Thrust of the Atlas engines has been In- 
creased about 222,400 N since their first use In the space 
program in the early 1 960's. j 

The Centaur has an Integrated electronic system that per- | 
forms a major rote In checking Itself and other vehicle sys- 
tems before launch and also maintains control of major 
events after liftoff. The system handles navigation and guid- 
ance tasks, controls, pressurization and venting, propellant 
management, telemetry formats and transmission, and initi- 
ates vehicle events. 

The Atlas and Centaur stages of Atlas Centaur 54 arrived 
at Cape Canaveral Air Force Station August 6, 1 980. The 
Atlas was erected on Pad B of Launch Complex 30 on Au- 
gust 12; the Centaur was erected on August 14. A terminal 
countdown demonstration test was conducted October 3 to 
verify the Integrity of the vehlcle-to-ground systems In an en- 
vironment that duplicates launch conditions. — PMB ffi 


populations the size of most communities. 

It Is Interesting to note that studies of the survivors of nu- 
clear bombings of Hiroshima and Nagasaki showed that cor- 
relation between Increases ol cancer Incidence and the de- 
gree of radiation exposure could be made only on a popu- . 
latlon basis. Individuals who had received significant 
radiation had recognizable chromosomal damage, but still, . 
according to Kolata, those Individuals with the greatest * 
amount of damage were not necessarily those who got can- • 
car. No Increases in birth defeats or miscarriages were ob- • 
served statistically. 

The assessment of chromosome damage Is as much /! 
an art 88 a science. White blood cells must be carefully . 
cultured, then stained and examined under the mlcro : >' 
scope. The 46 chromosomes In a human cell can be in- 
divfduafly Identified by their characteristic shapes and 
sizes. If there is damage, It often appears as breaks antJ^S' 
deletions, or as rings, which are formed from chromo- 
some fragments. Cells with damaged chromosomes 

, usually die or repair the damage. ; 

Although the chromoaornes are the carriers of genes, 
almost never can specific chromosomal aberrations 
associated with specific birth defects or cancer. One ' 
caption Is Down’s syndrome, In which Individuals 
an extra chromosome 21 . and this extra chmmosbrne^ 

; shows up In all their cells. But most genetic defects snd-?i i 
• most DNA damage that may lead tocanqer lnvohte.spb^i V 
mlcrbscopio changes In DNA and quite often do not feaejjs 


Thermosphere Circulation Modeled 

When solar storms force the earth's auroras to lower lati- 
tudes, winds in the thermosphere reverse direction and are 
whipped up to velocities of 2250 km/h. A computer model has 
now been developed that will describe the circulation of the 
thermosphere— a 400-km blanket enveloping the earth, with 
Its bottom boundary at an altitude of 80 km— and its Inter- 
action with the auroras. 

Raymond G. Roble, of the National Center for Atmospheric 
Research, explained at the AGU Fall Meeting that the ther- 
mospheric model might be useful to predict variations in 
storm time and atmospheric drag on some earth satellites. If 
the thermosphere's dynamics are better understood, he rea- 
soned, more accurate predictions of a satellite's orbital decay 
can be made. The model may also help to predict the effects 
of communications equipment and magnetic forces on power 
grids. 

Developed by Roble, E. Cicely Ridley, and Robert E. Dick- 
inson, the model is a set of meteorological equations adapted 
from the NCAR model of general circulation in the lower at- 
mosphere. The model is constructed as a global grid of more 
than 60,000 points at 24 altitudes throughout the thermo- 
sphere. At each point, the equations calculate the dynamic 
relationships between temperature, pressure, winds, and 
other variables. Circulation patterns are computed by simu- 
lating progression of time. 

The model Incorporates a geomagnetic pole that tilts away 
from the geographic pole. Because auroras are centered 
around the geomagnetic poles, the tilt imparts a wobble to 
the dally circulation of the thermosphere In the auroral zones. 

The thermosphere is heated continuously by ultraviolet ra- 
diation from the sun. The region's basic circulation moves 
from the hot daylight portions to the cool nlghtslde and back, 
wilh winds blowing several hundred kilometers per hour. The 
mean circulation Is from the equatorial region toward the 

P0l68. 

Sporadic auroral activity produces heat In the polar regions 
of the thermosphere, setting up an opposing circulation, for 
example, from the polar regions toward the equator. This 


happens on a small to medium scale several times a day. 
During major geomagnetic storms, the aurora-induced circu- 
lation overwhelms Its ultraviolet counterpart and reverses al- 

EQUINOX 
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most the entire How In the thermosphere. Winds in this pow- 
erful counterfiow have been measured over 1600 km/h, and 
in one case over 2250 km/h. $ 
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Schematic diagram ot the zonal mean meridional circulation In the 
earth's thermosphere during equinox for various levels of auroral ac- 
tivity: (a) extremely quiet geomagnetic activity, { b ) average activity, 
and (c) geomagnetic substorm. [Source: NCARj 
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earth's thermosphere during solstice for various levels ol auroral ac- 
tivity: (a) extremely qulat geomagnetic activity, (0) average activity, 
and (c) geomagnetic substorm. [Source: NCAR| 
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EOS offers classified apses for Positions Available, 
Positions Wanted, and Services and Supplies. There 
are no discounts or commissions on classified ads . 
Any type that Is not publisher’s choice Is charged for 
■t display rales. EOS ia published weekly on Tues- 
day. Adi must be received tn writing on Monday 1 
week prior to the date ol Ihe issue required. 

Repflsi to ads with box numbers should be ad- 
dressed to: Box_ American Geophysical 

tktan. 2000 Florida Avenue. N.W.. Washington, 

0- C. 20009. 
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Sales per line 

1- 5 limes— SI. 00, 6-11 times— $0.75, 

12-26 limes— $0.55 

POSITIONS AVAILABLE 
Ratos per line 

t- 5 Umes-$ 2 . 00 . 6-1 1 tlmea-SI . 60 , 

12-26 Umes-$ 1.40 

SERVICES AND COURSES 
Sates per line 

!: 5 “ m “-42-5°. 6-1 1 tlmee-SI .06, 

12-26 Ilmea-Si. 76 


POSITIONS AVAILABLE 


National Science Foundation, DMelon 
« txa«n Sdences, t 8 seeking qualified applicants 
muie position of program director In ihe Physical 
r~“Jj^ r aphy Program. The position is excepted 
civil service. Thla appointment 
^Jatiorvdfor 1-2 years. The program provides 
jw* for ectemisia primarily from aesdentio tratltu- 
fundamental research In physkwl 
woatvn ^ The selected candidate win carry out 
and budgeting, proposal evalua- 
® n rflSBar ch granw, end liaison 
. aPhnt, ’ ala fl«nole8. Applicants should have 
Kbrv* ,L 5>rtcal oceanography, a related physical 
*p«mi«Ii ^ ^valent, plus at least 3 years of 
' RetoB S ^! x,)w J enc0 ln Physical oceanography. 
Oram i* ” an acad emlo Institutional pro- 

* Sun . HS* a,rab le- Salary range Is from 

■: and ax&wZf 0,1 !?' 80, d9 P®ndlng on qualifications 
ered ,n,8r asled tn being constd- 
' ■rxlSF-f^ posRton 8houl(I ®end letters of Interest 
j'. enoa resumes to the National Sol- 

r St, N W 6 Personnel Administration. 1800 G 
Paul Washington, DC 20550. Attn: E. 

• 7841. Pi* further Information call (202)357- 

b an equal opportunity employer 

UNnole Uni- 

treck tauth^*" 8 lnvtl0{i tora probable tenure 
*ht*8 a rehjS ton inning August 1981. Can- 
offiie WtaJnT 0 who *ro apeotallals In one 
Seofeoy or nS!™, 8 * ,aneoU8 petrology, economic 
^ Ph.D. degreeto re- 


"'“roeroMifiwb.-- ,,,,, , 

Pursue an swSr® “ureea end will be expected lo 
Uaty program ol research In his/her spe- •• 

riafl^^^|a®hou[d Include resume and the 
^ M raw!? 888 of ,hrB « Psrsoris wtwcouW 

•• ■: 

April 15,'IBBT 1 ’.v y : : . ' V: ' ' 


Reeearoh Faculty Position. A faculty position 
at Ihe research assistant professor level will be 
available at the Department at Geology. University ol 
Miami from August 15. 1981 (this position will 
become e tenure-track position on August 1 , 1982). 

Minimum qualifications are a Ph.D. In the 
geological sciences, a flair lor teaching, and strong 
research Interests as proved In publications. 

Areas ot specialization {one or more ot the 
fallowing): geochemistry, economic, mineralogy, 
petrology. 

Instrumentation available at the department: 
mass spectrometers for ,3 C/ 1z Cand ,fl O/ ,e O 
analysis 

mass spectrometers lor rare gas analysis r°K/ 
^Ar dating) 

a fully equipped radiocarbon laboratory with 
scintillation counting 
atomic absorption units 
thermolumlne8cence unit 
video-taping and microcomputer systems 
rock thln-aectkwilng laboratory, petrographic 
microscopes, Btereomicroscopee.eta. 

Preference will be given to candidates who would 
be advantaged by (ha availability ol the equipment 
Hated above for their own research. 

Address inquiries to: 

Ceaare Eminent 
Chairman, Search Committee 
Department of Geology 
University ol Miami 
P.O.Box 249176 
University of Miami Branch 
Coral Gables, Florida 931 24 
tel: (305) 284-4263 

The University of Miami la a private, Independent, 
IntarnaHonal university 
An equal opportunity employer 


Meteorologist. Sigma Data Computing Corp-'s 
DMelon of Information and Scientific Applications in- 
vites applications from meteorotogMe qualified to 
participate In an environmental modofingfchemlcal 
fate assessment team effort. 

The applicant will evaluate atmospheric models 
and Ihelr data requirements to foim ecomprehenstye 
muKImedla modeling Ibrary system for assessment 
of toxlo chemtoalB. The appBoani pmyWs. , 

recommendations tor modification ol existing model 
algorithms and R&D (or anticipated continuing modal 

d *An MaSigreB or equivalent experience to a mini- 
mum requirement. Programming t inFOR- 
TRM4 Mid use or development of air quality modes 
la desirable but not essential. _ 

Salary Is commensurate with quatffcetlons, 

Please submit resume and references to; 
Fogerlong ... 

Sigma Data Computing Corp. 

2021 K Street, N.W. 

Suite 207 . ..... 

■ Washington, D.C. 20006 

■Wamoioflet, TteStatoUnlwre^df^Yorir 
at Btoohamton has e vaoanoy tor a aeiinologtai at 

. aeart* interest ' 

quake seismology and a spW t^iWJ® ba® 1 . • 





Postdoctoral Reaaaroh Aseoelate/Mlnarel- 
ogy. AppllcaUons are Invited for research In high- 
resolutlon and analytical transmission electron mi- 
croscopy of minerals and their analogues. Experi- 
ence In crystallography, materials sciences, or elec- 
tron microscopy Isdeatrabto. Send resume {Includ- 
ing transcripts), alalement of research Interests, and 
namea of three references to P. R. Buseck. Depart- 
ment ot Geology. Arizona Slate University, Tempo, 
AZ 85281. 

Arizona Slate University is an EO/AA employer. 


Sedimentary or Low Temperature Oeo- 
ohamlst. This is an assistant professor, tenure 
back position, although exceptional candidates ot 
higher rank will be considered. We ere looking for a 
gaochemlst to complement our strong programs In 
sedlmantology. hydrogBotogy. organic geochemis- 
try, and basin analysis. Tha teaching load to three 
courses per year— one beginning level geology 
course, an upper level geochemistry course, end a 
graduate course of his/her choosing. Introductory ge- 
ology and summer field camp are also iaughl on a 
long-term rotating basis. A wen-equipped laboratory 
and computer factltfeB are available. The potential 
extols both for outside funding and for cooperative 
research. 

Tha successful candidate wf8 be expected to con- 
duct an active research program leading to pifo- 
tcBtkwa. Applcanta should submit a fetter of appli- 
cation, resume, a copy of each transcript, and have 
three supporting letters sen) ttx 
Chairmen 

Department ot Geology 
Unlverstty of Missouri 
Columbia, Missouri 6521 1 
The University of Missouri to an equal employment 
opportunity employer. 


Ocean DynanMaL An academic posWon 
(tenure-earning track) tor an ocean dyn&mtdst to 
presently available In the Department of 
Oceanography. Naval Postgraduate School 
(NAVPG8COL). Present or ultimate research 
Interest In area of naval oceanographic concern is 
desirable. Such areas include; ocean circulation 
modeling, especially prognoailcaUon on the oceanic 
synoptic scale; surface end Internal gravity WBVe 
dynamics; synoptic analysts of oceanic data; and 
acoustical oceanography. The candidate shoUd be 
wiling and able to teaoh a variety of graduate 
Courses tn physical oceanography and rotated 
topics. The NAVPGSCOL has excellent cemptfsr, 
date archival, Ibrary, and research vassal facIHJes. 
The Department ol Oceanography has olose 
relations with the Fleet Numerical Oceanography. 
Center, Naval Environmental Prediction Facility, and 
Ihe Naval Laboratories. The department has a 
(acuity of Mean and a student body of 80 to 100. The 
overall emphasis to ocean prediction with present 
faculty and student research In coastal ocean, polar 
ocean, and air-sea Interaction processes. The 
icademfc and research program* are candurtfid ki 
■ dose cbltabbraUon w*h the Deparlmante pf 
Meteorology and Phyptoe. Salary w« be delsrmfoed 
by qualtfioattona M the suoeeasMitandWate. By 
January 1 if posable, send a curriculum vitae, the 
names and addresses of Ijiree references, and a - 
statement of research and InathJdtohal interest* to: 

' Faculty Search Committee, Department of; • 
Oceanography, Naval PoSlgredUaw School,'. 

• Mdnterey.OA 93940. , Waite by fop candid nips wM be 
■ ' scheduled eodn alier.A iJWston wW be aitdmpted by 
’if Match l and the Mto^yhoUH be 'occupied by 
^ r 'ab6teJurta'.l,lW.'' 

vV The Navi' Postgraduate School to*n equAI ,;i • . 

V.'. v; :'i 


Faculty Posltion/Callfornla Institute of 
Technology . The Division of Geological and 
Planetary Sciences. California Institute of Tech- 
nology. seeks oul standing candidates far a position 
In geophysics with primary emphasis on young 
people interested in observational seismology Op- 
portunities Include availability ol arrays and large 
seismic daraaels. as well as challenging regional 
tectonic problems. Appointment is sought proterebly 
at (he asatetanl professor level 

Please contact B. Knmb. Chairman. Division of 
Geological and Planetary Sciences. California Insti- 
tute ol Technology, Pasadena. CA91 125, giving re- 
sume. bibliography, and research mlaresls. 

An equal opportunity employer. 


Exploration Oeophysfca/Unlvorslty of Okla- 
homa. As part ol a 5-year pfan ol development 
and expansion, the Sc hoot ol Geology and Geophys- 
ics Is looking for a person lo form Ihe nucleus ol an 
explore! ion geophysics group. A Ph D. in geophysics 
Is required, and preference will be given lo someone 
whose teaching end research Interests are in ihe ac- 
quisition, processing, and/or interpretation of seismic 
data. Present equlpnnenlfncJudas a truck-mounted 
'thumper' energy source, capable of peneiratmg a 
ktomeler ot more ol rock, s portable, 12 -chernel 
seismic recording system: gravimeters; magnetome- 
ters; an erecirlcal resistivity unit; in-house mmi 
computers; and terminals to Ihe University's IBM 37C 
system. A geophysical observatory supports re- 
search In solid earth geophysics, and the exploration 
geophysicist would work closely with the tectonics- 
solid earth geophysics group. 

Applications are due February 15. 1981. Salary is 
competitive with industrial standards. Inquiries and 
applications should be sent lo John Wickham. Direc- 
tor, School of Geology and Geophysics, University o| 
Oklahoma, Norman, OK 730 19. 

The University o> Oklahoma does not discriminate 
on the basis ol race ot aex end la an equal opportu- 
nity employer. 


Hydrologist. Sigma Data Computing Corp.'a Di- 
vision ol Information and Scientific Applications in- 
vites applications from hydrologists qualified to par- 
tlclpate In an environmental modellnjychetnlcal fata 
assessment team effort. 

The applicant will evaluate terrestrial and 

groundwater models and lhair data requirements to 
form a comprehensive multimedia modeling library 
system for assessment of toxic chemicals. Tha appli- 
cant wta also provide recommendations for modifica- 
tion of existing model algorithms and R&D for antici- 
pated continuing model development. 

An M.8. degree or equivalent expectance is a mini- 
mum requirement Programming experience in FOR- 
TRAN and use or development of water quality mod- 
els to desirable but not essentia). 

Salary la commensurate wtih qualifications. 

PUu BubtriRreaume end references to: 

Roger Long ■ 

Sigma Dais Computing Corp. 

. •: 2021 K Street. NW 
Suite 207 ’ " 

' Washington, D.0. 20096 


fiefesreh on Lunar ta(nptes< 'Applicants for 
this postdoctoral research position should have ex- 
perience In al least one of the areas: I terar- sample ■' 
research, meteorite reaaaroh, or neutronadlvatton 
an^yala. Salary about $1B,0Q0 per annum. J. T. 
Wasson, Institute ol Geophysics & Planetary Phys- . 
ioa, University of California, Loa Angeles, California 
.90024. • ■ . ,-•/ • ' 

UCLA is an affirmative-aiftkxVoqual -opportunity j 
toroployer., *. -v' ; . •' ; 


• . 
VP.v 
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Droxal Unrvarally/Almoapharlo Sclantlal. 

Three tenure iracV Faculty petitions aia nnucipatod 
starting Fail 1961 Application ara soficilod from 
Pi* D 9 with irtfepondont research ovppriDnca In ono 
of tho following areas of nlrrvosphonc science son- 
oral o rcu ration; cti male dynamics with application in 
satoliilo motoflfology; atmaiphoilc optics, oxporl- 
menlal or thoorodcal with omph.ism in mososcato 
prohino: boundary ray or turbutonco modeling and at- 
mosphnrle chemistry modoiing Finnic and salary 
common sum to wilh expciioqio Sand resume and 
references to Dr William W. Eidson. Hoad. Depart- 
mant or Physics and Atmospheric Screnco. Crorel 
University. PHiodetphl-i, PA 16104 
An equal rjpportunity.'atfiwnatwo action emptoyor. 


•labia lulop* Q«o a h« ml tl ry/U n Jvarilly of 
lukat ohawa n, Tho Da partmeni of Ooo logical 
Sctoncos has a vacant lenuio track positron at Iho 
assistant professor lovel for a stahlo isotope geo- 
chemist Applicants should hold (or be about ioro- 
cetvo) (he Pti D degree, be qualified to Inslrucl un- 
de rflrwfuales in general geology and under- 
graduates and post-graduates in geochonnalry end 
polroiogy. bo prepared to pursue a vigorous re- 
search program, and ro assurmconlrol of a geo- 
chemistry research laboratory with MicromasaSOZ 
Double Co itecting Mass Spectrometer. Leltoisolap- 
pkatron. with curriculum vrtao Including the names 
ot el Mast three retar ee 6. ehouU bo sent to W 0 E 
CaWwoii. Head. Department of Geological Sciences, 
University ol Saskatchewan, Saskatoon, Canada, 
S7N0UUD 



SedknenUry Pelrofogret, Tho Geology Oe- 
paitmenl at iha University of Vermont Is seeking a 
seomentary pelrotogist tor a tanuro track posit on at 
Iha asaHfenl professor level Fteso.irch and teaching 
fipeci.slUatmn.s should bo in classic sedimentaiy po- 
Irctofly wJthpotenti.il arinilary interests Irt pnirowum 
geotngy. geflnwphokigy, ardhydrokigy. it Im o<- 
poctad that tha successful candufaio win establish n 
fleUOiienliid research program which includes au- 
porvuonol graduate (M U ) and undergraduate 6lu- 
dents A Ph 0 is required nnd teaching experience is 
highly dosirahfe The Geology Dopartmanl at Iha 
University at Vermont is a seven nrembor depart- 
ment having an M S program and a definite com- 
mitmenl to axcefenco m undergraduate oducaiwn 
Apphcahon* wilt bo accepted unM Apr it 1. 1981. 

Candidates should sand a rosume and ennnge tor 
thieo tellers of reference to be sent ro 
JohnC Drake 
Ailing Chairman 
Dtip.\rtmon| ot Geology 
Ur ii varsity 0 1 Vermont 
IFuilingfon. Vormonl 05405 
The University ot Vermont is an equal opportunity- 
affirmative act<in employer 


•eiemologlat. The Univeiatyotr<ov«idaSeis- 
mctegcal Laboratory invites a creations tor the po- 
s ton of lecturer research sc.irro’og si C and dales 
win interest m seiimoVig-caf research rotated to 
aanhquake hazard. earthqua^preOittion. theoreti- 
cal source mechanisms and'or seismic gignalchai- 
actensi'C-. at rog»jna! durances ere ercournood to 
0 K*f Teachngdut«3W'l consist olone under- 
flr*Jij.i!o or graduate course »r semester piuspar- 
tcputqn in graduate sem-nars 
Ph D degree m geophy<cs».ih at toast threB 
years research a *per>encD m oanhquake seismology 
is appropriate tor Ur-3 posilon Sa'ary up to 530.000 
tor tolevw-mon'.h contract, depending on background 
ardwipeiOTce. Position two ihrds supported by 
sfeto. one Ih-id by grants and contracts Available on 
ot ater t May 1981 
Oeadis-a 1 March I9BI 

CandcljLtos should send a tetter oleppi^ation list 
ot rd> ca’icrs. state rrent of teaching and research 
mto'ests. transcripts and nameiof five references to 
A'an Rya'. D rector. Seisrro'ogcat laboratory, Uni- 
vusilyofNevadfc Reno NV 69567 
AAEOE. 


Postdoc to* el Raiaaroh Aitaelale. Ocean- 
ography Oepartmert of the Navtf Postgraduate 
School seeks recent graduate to study the 
hydrodynamics tr/ough numerical ocean modet.ng 
cl the physical oceanography processes active in 
thevfcin.r/oHhearciiciceedgeolAiaska Problem 
areu rc-.ude tho ejects or the comptox bathymetry 
on the crcu> atari and frontal tormaton, ihedynamcs 
flisoc atod w.ih mtortoavtng of wale/ masses at tte 
ice eoje. and me mechan sms involved In ice retreat 
Pswirctvw ibepertcnnedniheconfexi ofanob- 
servatcnal program whch has acquired data and 
devetepod iragMs over rhe course of severe) years 

Pgvot 'savaiifcse March 1961 end is renewable 
arnua y Sa'.irydaponitjLpcnquai.ticat-ons Send 
reiiire and the names ardaddresseaol three rotor- 
ences to Faculty Search Committee. Dept ot Ocean- 
ography, Naval Postgraduate School. Monterey. CA 
6.KM0 

Equ-aicipocrtunr, aff.rrrativn .vitcn empkiyor 


llaff tale nil tiaOee an Margin DriUki 
•ram. JomOCMnoQiapnicIftstjfurtofla.ir 
toe t has immediate openings tor r*0 sfa« M 
Vihritfa pos»onsof 

•Ftokl Program i CoordmaiM 

Oownfieto MeMurementsCoordntak 

m ts Oman Margin Dieting |OMD|Sctonce I 
grams ctffe'B. moiwJuais fr’ingeachoFiheM 
t>w!swet report to the OWD Cm*i Sctontut. T 

Mr«yj*iKi « prow* sfa« »upportfoadvj W 

m their aneof concern, end w-iu be « 
^tormiptomwiing programs«common« 
tl3)OMDScw*x«Adbtoory Cdmmtfee.mcfu 

Ofetrs^o t the pettoimance ot individuals oi 

under rxyV-aci to JOf Both povtonsrMufee 
man approprtaie «na of earth *c«nce and a 
Mm'iqnoe. ThaOMDPo twdedfor F 

coobn ff w,I «P«w avr 
^^h'n^Tnepo^’ofte.rtayb.Steio, 
^ Salary »<d be cornpmoya Stndr 

y^^dfWe^sndthanaatwoftfwae 

«HloThom**ADifv»#. Chief Scfemw.f 
Potwtoflreph 

saWianiassKs 


Dire o tor/I ehoo I of Meteorology. The Uni- 
versity of Oklahoma invrtos nomfnaHane and appli- 
cations for me post of director of the School of Mete- 
orology effective for the 1981 fail semester. The 
school offers programs of study loading to B.S., M.S.. 
and Ph D degroas fn areas ranging from traditional 
atmospheric sciences to sppUcaHon ortonled clima- 
tology. Many of those programs have devalopod 
do so. synergistic ro isl lonshlps with Ihe adivIHOB ol 
the National Savoro Storms Laboratory, tho Oklaho- 
ma Climatological Survey, end the OU-NOAA Coop- 
erative Institute tor Mewscele MoiooiotoglcBl Stud- 
ios relationships that offer attractive opportunities tor 
innovative mult disciplinary and interln slllullonal pro- 
grams 

Applicants should have a Ph D. In meteorology or 
a closely related Hold and several yearn of relevant 
experience or equivalent quaflflcaltons, end should 
qualify tor regular academic appointment. 

The University of Oklahoma offers a comprehen- 
sive meteorology program comprising about 120 un- 
dergraduates, 60 graduate students. 8 faculty mem- 
bers. and several rosoarch associates. The program 
has boon highly productive as measured by Ms spon- 
sored research activities and the success ot ns grad- 
uates. Tho director is expected to provide leadership 
that will sustain and Improve the quality and charac- 
ter of meteorology at the University ol Oklahoma as 
weir as to contribute to the teaching and research 
programs of tho school. 

Nominations and applications should be sent to 
Wm r. uplhagrove. Chanmeii, Meteorology Direc- 
torship Search Committee, 107 Carson Engineering 
Center, University of Oklahoma. Norman, Oklahoma, 
73019. 

Applications should include a resume, a list ol pub- 
lications. and names of at least three professional 
references fn addition, candidates aro encouraged 
to submit supplemental statements of tholr profes- 
sional goals and tholr impressions of the directions 
find goals for atmospltarlc sciences in tho I9B0 'b. 

Initial scroonfng will begin February 23, 1061 ; how- 
ever, appiicaiianD will be accoptod and recruiting 
continued uni<t tho position Is tilled. 

Tho University of Oklahoma is an equal opportu- 
nity.'nffirnuttrvo Adion employer. 


Hydrogeologist. The State University ol New 
York at Binghamton invites applications tor a per- 
manent posrton to groundwater hydrology, stalling 
(all feat It Is desirable that applicant have teaching 
and rosoarch interests In one or mare of the follow- 
ing groundwater hydrology, modeling, flow through 
porous media, and environmental hydrogeology. 
However, applicants with interests In olhor areas will 
be considered. 

Teaching rosponsrbi lilies will include both undor- 
grad unto and greduato courses. The opportunity ex- 
ists to initiate courses al all IqvbIs. but development 
of one (ower-tovel undergraduate course Is essential. 
Research facilities Include: electron microprobe, 
scanning electron microscope. X-ray diffractometere, 
atomic absorption and transmission spectrophotom- 
eters. end access to a large cordial computer bs welt 
B9 mm computers in department. Appofnlment Is 
planned as assistant professor, but nol necossaniy 
al beginning level. Salary to negotiable, hut will be el 
competitive academic level 

Appl cants should submit resume and arrange for 
three letters ol recomrrandaton to be sent to James 
E. Soraul. Chairman, Department ot Geological Sci- 
ences. Slate University ot New York al Binghamton. 
Binghamton. NY 1390 1 . 

Stale University of New York at Binghamton Is an 
aiDimafivB aciiorVequal opportunity employer. 


fleechemlalry/Brlt t le Deformation, Univer- 
sity of How Brunswick. TIib Department ot 
Geology haa a tenure I rack position available from 
July 1. 1881 at assistant protessoror higher tevel. 
The success!* applicant wlllbe expected to teach 
both undergraduates and graduates as well as car- 
rying out research and supervising graduate stu- 
dents. 

Appircahona wi'l be accepted In the following 
fields, geochemistry of ore bodies, exploration, envi- 
ronmental or soil geochemistry, brittle deformation, 
rock mechanics or site engineering. 

Applicants should have a Ph.D. and preferably, 
post doctoral experience. Applications fndudlng a 
cuncutum vitae and names of three referees should 
be sent to P. F. Williams. Chairman, Department of 
Geology. Unfverstyof New Brunswick, Fredericton, 
NB.E3B5A3. 


Structural Qeeloglat/Unlvaralty of Califor- 
nia, Santa Barbara. Applications are invited for 
a tenure track appointment in structural geology to 
be ttfied dunrrg 1981 - 1 982, subject to availability of 
funds. Rank dependent upon qualifications end ex- 
perience, but preference will be given to the assistant 
professor love) Successful candidates must have 
Ph D degree and strong deslro and commitment to 
leach and direct MA, Ph D., and undergraduate stu- 
dents uv both structural and hod gooiogy. Hatehe will 
fo expected to develop a strong research program 
end obtain outside funding for Rs support. Additional 
dullw may include teaching physical geotogy and 
summer fcokf geotogy. 

Pteaso sand resume and evidence of teaching end 
research proficiency, by MarchSt . 1981 , and ar- 
rango lor early submission of (our fetiere ol recom- 
mendation to Dr. Arthur G. Sylvester. Chairman, De- 
partment of Geological Sciences. Unlvaratty atcak- 
tomia, Santo Barbara. CA 93106.(805)801-3160. 

The University ol California ta an affirmative ocliorY 
squfllopfmtunffy employer. 


Staff •olenllal, Staff 8 derfftol to conduct re- 
search in Bale tide data analysis to understand envf- 
ronmental effects, to particular, to analyze ope/allon- 
ai s*aata data to examine the composition ot the 

pufers. Reg ure Pup, to physics pr atmospheric gcj- 
«W wilh good knowledge of FORTRAN end JCL 
“roputer languages, and background in speoroaco- 

: Manager oistaf. 
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Meteereloglste and Hydrologlaf a/Saudl 
Arable. The School of Renewable Natural Re- 
sources, Univerafty ol Arizona, Invite# applicants tor 
assignment as faculty members to the Institute of 
Meteorology and Arid Lend Studies. King Abdufazlz 
University. Jeddah. Saudi Arabia. One year, renew- 
able positions In meteorology and hydrology are 
available. 

1 . Ph.0. fn meteorology with experience In under- 
graduate teaching and research. Curriculum In- 
cludes courses In meteorological Instruments and 
methods ol observation, dynamic meteorology. By- 
no pt la meteorology, physical meteorology, and eff- 
matofogy. 

2. M.8. in meteorology with practical experience 
in meleorotoglc operations and undergraduate 
teaching. Knowledge ol WMO procedures. 

3. Ph.D. In a hydrologic science or engineering 

with experience fn undergraduate teaching and In re- 
search. Major emphasis will be to the areas of sur- 
face and groundwater development, water manage- 
ment fn an arid environment and In evaluating the 
hydrologic effects of development. 

Description: The project le funded by the Saudi 
Arebtnngovemment through the U.S. -Saudi Arabian 
Joint Commission on Economic Cooperation. Admin- 
istration and logistic support Is provided by the U.S. 
Treasury Department, white the program's imple- 
mentation is by a contract with the Consortium for 
International Development. The goal of the project la 
to undertake technical cooperation to develop edu- 
cational programs for meteorology, hydrology, arid 
land studies and environmental protection. 

Salaries and allowances: Highly competitive with 
28% overseas adjustment, housing, car and other al- 
lowances. 

Availably: February 1, 1981, or soon thereafter 
for spring semester: September 20, 1981, for fall se- 
mester. Initial appointment ol one year or more con- 
tingent on performance. 

Closing dole: January 15, 1981 for spring semsB- 
ler: February IS for fall semester. 

Application: Tho appllcallon should Include the fol- 
lowing: (a) a letter detailing principal qualifications 
and interests, (b) a curriculum vita, (c) name, ad- 
dress end totephone numbers of three references. 
Send to Martin M. Fogs!, Director, CIDiKing Abduia- 
zfz University Project, 31 7A Anthropology Building, 
University of Arizona. Tucson. AZ 85721, Telephone 
(602) 626-5344/2886. 

EEQfAA employer. 


Program Managor/Meteorology. Oceano- 
graphic Services, Inc., Is seeking qualified ap- 
plicants for the position of program manager for 
moteorotogfea] studies. Applicants should have an 
M.S. or Ph.D. In meteorology or atmospheric 
science#, plus experience In the Held. A broad 
general knowledge of air pollution, and an un- 
derstanding of the air pollullon regulatory environ- 
ment, Is helpful. Interested persons should send re- 
sume. references, and safety history to R. C. Banks, 
Oceanographic Services. Inc., 25 Castilian Drive, 
Gotete.CA93U7. 


Remote SensIngfOoean Engineering or 
Oceanography Faculty Position. Ap- 
plications are solicited for two permanent nine- 
month positions involving both research and 
graduate and undergraduate teaching. Ability to Initi- 
ate funded research Is desirable. Send resume, brief 
statement ol research areas, and the names ol three 
references to F. W. Morris. Search Committee, De- 
partment of Oceanography and Ocean Engineering, 
Melbourne. FL 32901. 

Equal Opportunity Employer. 


Hasoarah Phyelelet. Ph.D. and two years ex- 
perience with Ionospheric research related to com- 
munications properties or closely related area. inltiaJ 
salary Is $2l,000/year for 40-hour week. Interested 
applicants with these qualifications should calf Mr. 
Btosca al (301) 262-4400. 


Graduate Aisfstantshlps/Pfiyalos and As- 
tronomy. Graduate research assfstaniahips and 
leeching ssststantehlps in fee Department ot Physics 
and Astronomy of the University of Iowa are avail- 
able to well-qualified students. The department has 
vigorous research programs In specs physics, 
ptasma physics, acoustics, astronomy, astrophysics, 
atomic physics, elementary particle physics, laser 
physIcB, nuclear physlca, and solid state physics. As- 
Blslantshlpa can begin In June, Auguat, or January. 
Please address your Inquiry to Department of Phys- 
tes end Astronomy, The University of Iowa, Iowa 
City. IA 52242. 


Institute of Spaoo and Atmospheric Studies/ 
Unfverelty ol Saskatchewan. Applications 
are Invited for postdoctoral research positions In 
auroral physics and atmospheric dy/iamlca. Term 
Is one year renewable. Experimental ability or ex- 
perience with optical or radio techniques la desirable. 
Work may involve rocket, batfoon or observatory 
measurements and their Interpretation. Send resume, 
references and research Interests to: D. J. McEwen. 
tnsuute ol Space and Atmospheric Studies, Unlver- 
siy of Saskatchewan, Saskatoon, Canada 97N OWO. 
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Position. The Department of Geology 
ol the UnhreniHy ol New Mexico seeks applicants for 
a position In day mineralogy, low-temperature geo- 
chemistry, carbonate petrology, or economic geol- 
ogy. The appointment may be at the assistant, esso- 

teval conlin B <,nl “PProval of 

fundtog from the university. The individual must be 
strongly committed to teaching at both the under- 
graduate and graduate levels, m addition, he or she 
wh be expected to develop a vigorous research pro- 
gram to his or Mr (laid of specialty and wfflbe ex- ' 
Peeled to supervise graduate students et the M.8. 

ISO? .• oto8ln 9 date tor appfcstlort Is 

April is, 1981. Applicants should send a rtsunte, un- 
(kKpraduate and graduate Iran scripts, three letters of 
S *****-. 1 ** ■ 1 discussion of research inter- 


Associate Dlreotor/Marine Colenoe Instt- 
luts. The University of Texas al Austin seeks to fill 
the open position ol associate director of the Marine 
Science Institute. The associate director is respon- 
sible for research and Intellectual leadership or the 
Insttute'B Galveston Geophysics Laboratory. The 
post Ion carries ihe line responsibility of senior ad- 
ministrator for the Galveston Geophysics Laboratory. 
Dulles Include research planning and management, 
fiscal monitoring and budgeting, personnel review 
and assignment, coordination of scientific programs 
and shop operations, administrative supervision, nel- 
son with industrial and agency sponsors, representa- 
tion and other directorship duties. 

The GehreBton Geophysics Laboratory maintains 
modem computing facilities, research laboratories, 
end two deep)- ocean research vessels, the R/V Fred 
Moore and the R/V Ida Green. Research at Gahres- 
ton Includes programs In marine geophysics, marine 
geology, solid earth geophysics, earthquake and ex- 
tra-terrestrial seismology, and Instrument systems 
design, both basic and applied. 

Applicants are BBked to send the following: 

(1) Vita— Including list of publications. 

(2) Brief statement on current research and 
support. 

(3) Brief statement on administrative experi- 
ence. 

(4) Brief statement on teaching experience. 

(5) Names of Bix persons who may be con- 
tacted lor personal and professional reoom- 
mendattons. 

A letter of application and Ihe above requested In- 
formation should be sent to: 

Dr. J. Robert Moore, Director 
Marine Science Institute 
University ol Texas 
P.O. Box 7999, University Station 
Austin, Texas 78712 

Salary based on qua II licatlone. Ph.D. required. 

The successful candidate will also be considered lor 
tenure appointment In the Department of Marine 
Studies. Position to be tilled as soon as possible. 
Early application advised. Position located in Galves- 
ton, Texas. 

An squat opportunlty/a Iflrmatlve action employer. 


Faculty Positional Astroncmy/Spaoe Phys- 
ios. The Department of Astronomy of Boston Uni- 
versity Invites applications for one or two tenure track 
faculty positions opening September 1081. Empha- 
sis will be placed on active research experience ss 
well a# Interest Irf graduate and undergraduate 
teaching. We are considering good candidates from 
any field of astronomy or space physics. Applicants 
should ebnd resumes and the names of three refer- 
ences to M. D. Papagtannls. Department ol Astrono- 
my, Boston University. Boston, MA 0221 5. 

Boston University Is an equal opportunity employ- 
er. 


Virginia Polytechnic Institute and State 

University. Igneous Petrology and Geochemis- 
try/Research Associate. Origin and tectonic signifi- 
cance of granitic rocks. Project Involves petrography, 
analytic chemistry, minaret chemistry, laoloplo stud- 
ies, and field mapping. Send teaumda to: 

D. R. Wonea. Chairman 
Department of Geological Sciences 
Virginia Poly. Inst, and St. Unlv. 

Blacksburg, VA 24081 

The University Is an equal opportunlty/a fflrmathre 
action employer. 


•truotural Oaeloglet. The Department of 
Geosciences of Purdue University Invites application 
tor a tenure track faculty position in eiructural geol- 
ogy, storting In August 1 981 . Rank and salary will ba 
commensurate with qualifications. A Ph.D. te re- 
quired. The Individual will be expected to teach un- 
dergraduate and graduate courses In structural geol- 
ogy and tectonics, participate In summer field 
oo ureas, and pursue an aolfve research program. 
Preference will be given to a candidate wilh an ap- 
plied field orientation and a strong background In Iha 
quantitative analysis of field data. The department 
has active programs In petrology, geophysics, end 
engineering geology and has a dose working rete- 
tlonahlp with the geotechnical group In civil engineer 
Ing and the Laboratoiy tor Applications of Remote 
Sensing. Closing date tor application fa April f . 1991 
Applicants should send a resume, the names, ad- 
dresses, and telephone numbers of three referees, 
and a brief statement of research Interests to R. H. 
McCslitaisr, Department of Geosciences, Purdue 
University, West Lafayette, IN 47907. 

Purdue Unlvsralty la an equal opportunlty/affirma- 
ttve action employer. 


ftynoptle/Dynamlo Meteorology. 

Description: The Geophyslosl institute and Di- 
vision of Geosciences, University of Alaska, fnvRe 
applications from qualified scientists tor a fufi-llme 
(12 month) faculty position at the Assistant orAssool 
ate Professor level. The successful candidate will be 
expected to prepare and submit research proposals 
to external agencies and to work cooperatively with 
ongoing research programs. He/ehe wIN be also ex- 
pected to teach occasional courses In aynopllc/dy- 
name meteorology si the upper division and gradu- 
ate levels. 

Qualifications; Ph,D. In meteorology. Research 
experience In advanced analysis end diagnostic . 
studies of globaJ-soelB msteorologloal processes is 
eeeentlsl, preferably over the full height of the atmo- 
sphere (0-100 km). Preference wfll be given lb appfl 
canto who oar utilize tholr expertise in aynopife/djr- 
namlc meteorology to synthesize the results of vari- 
ous ongoing research projeots In mesoscate and 
large-scale meteorology, cloud physlOe, radlptlon, ■ 
aeronomy, and space physics Inlb a better urtdif- , 
atandtog of the large-scale meteorology of the North 
Pacffio and polar regions. Teaohing expertenca al, - 
. the Undergraduate and graduate is veto to deskeWS- 

Salary: Upward to $34, $00 (Asst, Prof-) or',' ‘ 
$43j90O (Aesoo. Prof.) per year, dependent upprt ' 
quelfficettone and experience. . 

AppHoafions: For Hirther Information, including . : 
recent annual research report, write to D|rectof; Gpo*,i 
Phyptaffl Institute, University of Alaska. FdfWgjk 


* f ■‘■uiyuj, university or «a$Ka, ramww'w ?. 

^ 2£L190V ^Mngdate for appltoafiofto hi Febhrqjy, 

/ -fej -jitWwralty of Alaska to qnequajpppd 
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Meetings 


Geophysical Fluid Dynamics 

The symposium on geophysical fluid dynamics, part of the 
European Geophysical Society’s 6th meeting in Uppsala, 
Sweden, August 24-29, will Include special sessions on the 
physics of lakes and fjords. 

The special sessions will include discussion of circulation 
and the effects of the earth's rotation; seasonal and climatic 
effects; stratification; heat, momentum, and gas transfers; 
surface and Internal waves; tides; effects of Islands, bays, 
and sills; effects of river or mell water Inflow; Ice; heat flow; 
and sedimentation. 

Potential contributors should notify the convenors by April 
30. The convenors are J-E. Weber, institute of Geophysics, 
University of Oslo, P.O. Box 1022, Blindem, Oslo 3, Norway, 
and S. A. Thorpe, Institute of Oceanographic Sciences, 
Brook Road, Wormley, Godaiming, Surrey, England GU8 
5UB. 

Deadline for receipt of abstracts la June 1 . Abstracts 
should be sent to K. M. Storevedt, Program Committee 
Chairman, Universitetet i Bergen, Geofyalsk Institut, Adv. C, 
Allegt, 70, N-5014 Bergen-Unlversltetet, Norway. 88 


Environmental Systems Conference 

A call for papers has been Issued for a working conference 
entitled Environmental System Analysis and Management. 
Sponsored by the International Federation for Information 
Processing (IFIP), the conference Is scheduled for Septem- 
ber 28-30 at the IBM Scientific Center in Rome. 


The conference Is Intended to provide an international fo- 
rum fora broad interdisciplinary exchange of views among 
sclantlatawho work In environmental science. Main areas of 
interest Include water resources planning and management; 
air, water, and soil pollution; natural resources management; 
urban and regional planning; food and agriculture; energy 
and environment; environmental data bases; Information 
systems for environmental problems; and environmental sys- 
tems telemetering. 

Abstracts of about 1 000 words should be submitted in trip- 
licate by March 15. Full papers will be required by September 
30. Address abstracts and other conference correspondence 
to S. Rinaldi, Centro Teorladel Slstemi, CNR, Politecnlco, 

Via Ponzlo, 34/5, 20133 Milano, Italy; telex 333467 or tele- 
phone 02-2367241 . 88 

Mexican Geophysical Meeting 

Abstract deadline for the 1981 meeting of the Union 
GeofiBtea Mexicans Is March 30, 1 981 . The meeting Is 
scheduled for May 6-9 fn Manzanillo, Slate of Colima, 
on the Pacific coast of Mexico. 

Sessions wilt be held on the physics and chemlstiy of the 
earth's Interior, exploration geophysics, atmospheric sci- 
ences, physical oceanography, and space and planetary 
physics. 

Registration for the meeting Is $33 for UGM members, $1 1 
for students, and $65 for nonmembers. Nonmembers wish- 
ing to join UGM may apply for membership and should In- 
clude the annual fee ($30 for active membership, $30 for as- 
sociate membership, or $9 for student membership). 

For more Information about the meeting or about joining 
the Union, write to Union Geoflslca Mexlcana, Comite Reuni- 
on 1981, Institute da Geoflslca, UN AM Cd. Universitaria, 
Mexico 20, D.F. 88 


Senior Position in 
Earth Science 

The Earth Sciences Division of (he LAWRENCE 
BERKELEY IABORAIORY has several comprehensive 
research programs Involving Ihe earth sciences. An 
opening exisls for a person with on established na- 
tional reputation in a scientific discipline In Earth 
Sciences, preferably geomechanics or hydrogeol- 
ogy, to assume a position of responsibility for the 
scientific leadership and direction ot major 
research programs suoh as concerned with 
radioactive waste storage. 

Duties will Include taking the scientific inillative and 
direction and management ol ongoing pro] eels, in- 
cluding the nuclear wosle Isolation Held Involving 
more than 30 scientists and engineers ot LBl and 
collaborative work wilh several academic and re- 
search organizations. Additionally, Ihe position in- 
volves establish meni of emerging programs, expan- 
sion of research facilities and pursuit of new areas of 
Investigation. 

The successful candidate should have extensive ex- 
perience and proven capabilities In directing and 
achieving programmatic goals of complex re- 
search projects Involving teams ol senior scientists 
and engineers. A PhD In a field of the Earth Sciences 
Is preferred wilh significant applicable experience. 
Solary: over SSOk. 

Applications will be considered no later than April 1. 
1981. Interested Individuals should forward two resu- 
mes Including salary history to: Employment Office, 
LAWRENCE BERKELEY LABORATORY, One Cyclotron 
Drive, Berkeley, CA 94720. An equal opportunity 
employer MlF. 

LAWRENCE ^ 

BERKELEY ■■■■MBIT 

LABORATORY ■■■■■■■# 


GAP 


Separates ... a great value! 

Print quality reprints of individual articles from AGU journals 
are available at a nominal cost to you! 

To Order: The order number can be found at the end of each abstract; use all 
seven digits when ordering. 

Cost; $3.50 ter the first article and $1.00 for each additional article in the 
same order. Payment must accompany order. 

Deposit Account: A minimum of $10.00 may be placed on deposit with AGU for the 
purchase of separates. If funds are on deposit, the cost of the first 
article Is only $2.00 and $1.00 for each additional article In the same 
- - order. 

Separates will be mailed within 3 weeks of journal publication or within 10 
days If ordered after the [ournal has appeared. Separates are available for 
purchase for two years from date of publication. 

Articles from Reviews of Geophysics and Space Physics are available for all 
regular Issues since Ihe journal's inception. Indicate author's name, Issue and 
year when ordering. These articles are excellent for classroom use. 

Send your order to: American Geophysical Union 
2000 Florida Avenue. N.W. 

Washington, D.C. 20009 
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nnoaly tha Lyaan-alptu rad la Li on and Iha Oj 
Schunann- Rungs bande, "uac bo considered. Tha 
HjO pbotcdiaaoc ration fraquonoy due 10 Lywn- 
al pho ta reproeantod by 
j(Hi0, l r“) ■ Jjwp M-fWfY' 
vhero b l« “ho cecal nnmbvr of Oj abiorttn* 
aalcculoe and J •O.lr 1.0) K IT* ■«"' *“ r 
quiet aun' conditions, and cendbaa (I.ZS a O.M1 * 

V s MC- 1 for vary «tlvs nd.wdUWM- ™ 

H.0 pho tad I aaoc tat ion Ircquaocy. roauUtng 
iha ScKu»itin-Rung« l®. 

« l» e~10” “ ■ 160 " Jn 

Z iL odopcad for IJW.Sn - (.,> ‘ 

10 -b ur-i vhilat a t»*lnn yalw ha 


Oceanography 
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47 Surface uui, liJca, and a«a is vol 
SUBTtbAL VJiH* U.Vn VARUTIbbS lb LAV f. TtUfKIUtR- 
TK4III, lamiAKA 

Wra-San lCo.isi.,1 ilnJUl Inn i tut-, 

leal ■ i am title UntveriMv. liim I-’ u i - L - 

wi NM1I lull ll. Wrnaun 

Late Pontchiriraln, liuilaljni, haa Iw, na|„r 
lidal paste, .onnevilnp it -iliaiaaippl Sound 
snJ tiienco 10 Ihe Lull «f He >1,0. She lubtM.il 

uiutilui l* lUia letlen and ill cclaticn 
wind fnrcin* v.er a 7-ounlh ffri-J eert eiantoe-l. 
TH» <ebor,-nc« ol wairr le\el Il'Ki-ait I un« ,n III' 
laVa and paxni euo chcr. M (he ."•■Ml -a< hi ,-h 
41 .ill (ir.e i«le«, and il,.- viler (aval In .ill 
Jala a ei a raap-n.|«J to (hr .ni-uii wind ji tin-- 
l.Jloi ilwitei (tun II -ia .a. Linen il.. lvc„l 
coaaiMnc ia ip[rui,nai el v m Ihe nn-wu dime- 
lion, Lite ruauiu iudK«a> a te-jflo-l cuttil ,(«*- 
late roapvnie. a |,noar friction ,i v .Ul uj» .V«.-l- 
vped, and il ucouaied (or c,n ol (ho ■uiiora, J 

feature*. 

J. Ceophvn. haa., Rreen, fopor KuoiJ 


17*0 Turbulence jnJ iliflu.jon 
As l-iLbTlM WAt I!. P^lvW.tovf -V»>.T»\ 
P.A. Sssborfinr an-J 1>.R. Lild-cll l S. howl uf 
(Ki mography, Oregon StJ»- UnUrr»ll,, ■'orcjllla. 
Orrpon .1111 

J* Inert ta! toMailRv »»-• fv'u-sd in npo.tra ..ll- 
LuloipJ froo vertical profile* of tcnpvM'urc 
gradient rutOrded In the hot to i later on (he 
Oregon %ho l r. JUi enwnble n'rr,c of rho>« 
apaoLra that sere full} ruiJtveJ inj hiiJ kigl, 
nuaihcr „l» L'KJiarod to iho unf.or* 1 *! foro. 

The high vj»rninbur end of the inert id l range 
nl roeolvod. A riltl lonPilp heluvcn the 
loloutiorov corti.nl f„r tcr.pe rliurc, t. and 
iho Batchelor cansipnt, q, >ji e«uh||ih*d, 
i q-:/J • O.P.’ (lO.OIJl. If 0 • U.S, as 
dots rained froa attoapherlc Jan, h ■ l->5 
II. IB * q ' b.OS) and the iranltnon froa thr 
inertial to the vl»cou».con.e«llir riago 
occurs at a ritrniclwr h ■ h.OW Hl.i'Il 
< t/l|, c U.iMSj .hero S la iha inlaogorov 
ut'OinNr. 

J. Caaphya. Raa.. Craan, Paper S0C17SQ 
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5350 Solar rrtnd ptasoa 

PLASMA REST FRAME DISTRiaOTKSS OF SBPXATMERXAl 
lOliS IU TBS WW'S TflRESHOCX UflWK 
D. D. B antrum (Inaclinca or Caephyalca and 
plana eery pbyatca, lulvaraity of California, 

Loa Angaiaa, CA 90024) C. P. faanal and L. K. 
Wank 

Va pceaenc rait fraae loa IHflMlHi 
cpspucad frr» Ursa dlaanaloaol obaervatiopa 
of upatraas aupratharaa 1 lent gained by tha 
Uniaacaicy of loya ifciadrlapbar leal Lapadaa on 
I5EZ-1 . Tha obiaryatloni ara for a ■ ingle la- 
booad, nflbwroiBg para atari ld| upatraas Im 
tha Ion foraabock and continuing acroaa tha 
wiaal-paraUal bouaboak Into (ba aagnatnahaath. 
Tbs croaalng of tha (on foraabock boundary ta 
airkad by a aavaral alaata hirat of iofla of 
taaparatuco 100-200 e? aovlag along tha IMF 
any froa eba bouaback at 300 te/a ralattya 
to (ho solar wind. Tha obiarvationa of (beat 
" refloated" leu la follavod by as aattndad 
. interval of "dlffoao” Iona of ccnparaiuraa 
2-3 kaV flowing at n. ISO b/a roUciwa to tha 
aolar wind and paraiadng until tha bowaboah la 
c round, tub dlffsaa ioa fi hat a valsa »r 
approx Uutaly 6 in tha region of tha aupra- 
thezsal loot, auaadlng eba norsal Ihertaal Ion 
t of tba aalac wind by roughly an nrdac at 
aauiltuda. lath tna> of supratheraal Iona 
eooatltuta cnugly 21 of rba total loo dually, 
and carry a yarallal boot flirt of -c 2 'jc 10-« 
inl-u-i-aN-i . MW«i Integrated phi an 
aammad 10 a 10 Ra bovahoak alaalan area, 

Cb'la IspKaa an upKraas iliiintfla ttet nay 
approach IfilMOU arga/aoe, cosparabls to ■ 
nodart aubotors. „ 

j. Caophya, Raa., Blue, Paper 100017 


Particles and Fields— 
Ionosphere 

Sitoiov-lBtltudf ionospheric current* __ 

5-SO XCTWS IttWUWTH PLASH* WSTABIinUS IX 
m lOIATOBIAL tlKISWCT .Z. WO-STWAM 
(ONDITKMS . 

C, Hanoi it a"4X. Crocbot (llteratolro 4a Son 

dish (InClrtWtUtlqVM de T tnv iron new* t 

TgWfitro ,- lhlyar*|tS dt Toulon ef tki' Yar 


Haw «j1lffr4i(jM6y tteMMlMlIi ^ Hf 
rartir in Uw aqutortol glottrojol hay* «tenM4 


It ts shokn (hat tho co-cailed tpue 1 tpecir* 
can be detected at all «a«eWiithc . Iheir ohr-.e 
volocti/ hat a value lives oy ihe thretinid (or 
Inslahl I ily In iho full d<t|wrtton rq>,at<ah and 
It cnhftanl with elevation anqle anj ilr* 
cor re tied For neutral «1«4 effect . 
width locreatfi with wave numher followlni ■> 
law »n r n -. fl.f Out Is censianl with elcvaMnn 
angle. Pane nf Spectral width to rvan dlBpler 
i*lH f, of the '■'r.Ser u f untl» .««. MM 
wavo hir>er ml decreases V. r- n , r V o 4. Ihetf 
result*, are ct-p.ire -1 (e ihe eaUHr-i „.-ericai 
4lvjl ell'int III lho.xrcl!ill «or»4. 

J. '■Wjphvw. .'.V,., blue. I'jpvr lUi'w.' 


L".- latitude leno-.pl'errc current-. 

b-SO Mllt»', VWUllif.lH l'l«“A Ih'jIMrtllllf. IM 
IHE E0»»I«PIH lltriPUiri .1 (P-v.;.ruin 
COPiDI i Iwrii 

C. PUnuU* and H. Crochet (lahoratetrc de '^n- 

dignx I le*1iaftig«»t1u-.*-\ 1“ t 

lerraatr#, uafvare ltd He Toulon et du Vir, 

81100 loulon. Francs) 

Electrt!" danelty irregul aril let detectad with 
coherent radtr* in the tduitnrUI electrolet 
hiva been studied irrstly at wavelengths Mlwean 
) and 10 reters. For lew drift rtlixillii they 
have been interpreted by the crn«-Held Invta- 
bltlly. longer wive length* hive tear, e.tantUely 
observed With * rullirreOJincy Mf radir systen 
Installed m Ethiopia. C3ta gilhered for drift 
velocities luwir thsn .'00 n/s are presenleri. 
fron 5 to 50 reters. the reasured phase velocity 


varies with wavelength and elevation angle as 
predicted by the linear theory. Spectral width 
increases with wave ninter but IS constant with 


elevation angle. Ratio of spectral width to mean 
doppler Shift Is of the order of unity and 
indicates that strong turbulence hes to te 
included In non linear theories. These results 
are studied In llgth of recent numerical simu- 
lations and theoretical works. 

). Caophya. tea.. Blue, Paper LA GOO 1 


UlD Part Lc La precipitation 

TUB AURORAL ELBCFfUNi PREC1PITATIIW DUUbC 
EXTREKEir QUIET CEQKACNRTIC GOMDIILOHS 
Cblng-1. Hang (Applied Pkyatca Lab., Jnhoe 
flapklne Uelr., Laurel, Kd., 20810} 

Tha elect ran precipitation over eba polar 
raglona during aatraaely gulae gamagnacic 
remain one la eMMinad baaed on data Im 5 
year a o( DMF obaaxvatlOBi. A cat el af 12 

period* ware aelecced for tbla atuly an Che 
baa la ot prolonged, axcrtaaly Lou value* of Ibe 
Up Index which p« valeted fer k lease, im eoa- 
aicudva daya. Tha loearaadng alMim pro- 
clpl cation (aalaree ten be auamrliad aa 
fall Oval 

(1) M all Uua, pvaciptca t loa ledaed oc- 
curred over both iho northern and a out ham polar 
regloni with etgnlflcant Inteoaley. The 
praclpl eating Inianalcte* vara one ta iva order a 
qt augnlcudr batow Lb a level for noalnal, gulei ' 
(Ip * 2} auroral oval precIpLcaclaua. 

(2) Tha neoaurad proelptcaclng electrOBa wra 
vary and, aaac having aearglea below I keV. 
Tho obeorvad I luxes ol lav aoergy alautrone be- 
tween SO aU to ■ few hundred oV were often 
oaraly tha Ugh energy call ot an witrooely soft 
praelp Italian. 

(3} Election precipitation with a aMI prob- 
able energy of a ' I ow kaV [harder than that of 
tha aaroral oval) can laea i band detached froa 
and equatorvirJ of tha nomlng auroral oval, 

(4) A draaatlc ioatur* of iha ■laecrua pro- 
clpttatlao ot tho eatteaaly quiet aagnatospheeo 
IS Che unaxpacltdly wide latitudinal oicant of 
tha loir energy a leer tan precipitation. It 
apreade ln(u tho high latitude polar region* to 
•L lean M* p 1st. 

. J. Caaphya. tea., Bluo, Paper 1A0003 


1UO Vava prapagatliHi 

CWWATIO* OF UHOfUtR IUVI8 BF NOH-LINEAX HAVE 
WAVE UfTgMCTIMf IM fHE IMMWRC 
J.C. Cdrlaltr (labor a rot ra d« Cdophyalqa* 
blatM, 4 Ivimi do Rtpitu, IM09 Itlnt-Rau, 

Praoca) J. Lavergoar, i.S. Rihouay. R. Pellet .■ . 

The aao-iiotar interaetloo betuaan two paral- , 
tal hlghrfraqaaacy a lactr«M|oatl c wave* cap 
ganoceta aithae an alutits tluat wave ot •« 
•UraordiMcy wave dap and lag upon the angle of 
pfopdgatioo with tba' aktetaal aigaatlc field 
(el (bar 0 “ O or 8 p OJ. Vbaa propogadeg la tho.. 
UhOHOgeiMeua loaoepbar*, tha •atraocdlaacy node 
coup la a to the plaaaaa vava aod tba resale* ob- 
tained lb both ***** turn out to be todoaclcal. 

Iha plaeae vava can he dacaeted team tba ground 
through aft* **h*oe***ot of tb* aptitude ot tha . 
plaasa (ioet aaaoelated (e the acattarad-apattnab 
. of a third alitirauiaulc problag wave. , i 
the aapiifali at the elec ( roe ratio plains 
and of tb* ocaLiafad plawa linaa art calculated.; 

; Tba aaodes-veus eondliloea (la tl*» aad U apace) .* . 
between the. plaaaS wav* pu|a* and the nrabiag , 
pulae *|a. evaluated and discoisbd for tea tliau . 

aonpderL (Van-wav* iota rfretarfj laaoaphtre, ^ • 

«u^.. Taper UOW* • ' ' ' : 
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Planetology 



• ».- ■ ' m ;r.;«ici<-i o! [hr sluiii 
* lS ' ■£•-**>' 57 V, :ii h r C <■ "F 

fu. rui : .-..f,, ■* F 

S.L tr.-t. CtM *lcil Sclfr.:f. 

win*-,-. F. Mi*, t.-j j. V; i* fir; 

,r# i'lciFli 7 ri cm* |j; ir |« to u- 

*al-* k' Wil nAii-l V.,n,„ ,u »„;*m (»■ 
It Icili C3 pliMiaci <1*111; tlc.-opuarii 
Is li f;;-i ikji im lillll, ot a i;sarlral ,*,ii 

ti i lii.i f>t- c*iSf«-i <i iinei i< 

V 5 

" J li da iMikam ot CM 

e.ndc IUh:i; fi,. ?. u i>-« Jaauta Jlfrancsr 
•’“J 1 B431la 1:: ‘'“"i »■ ! • l» tea rail Jf Q[ 
1 V * 1 ™' n Msatar la law* 

*‘**' •wn C^OiHEMc 
i.ji» •!>: ,( f ar.i wre -, it j, ila u 

-J , " :U ' 1 JU !• nttlciij. 

, II U . t I f * .all . - |f.« Pa-jjJjc 

Jl 1 i, MUil I- Hi lie <<M 111*1 i, r , l<fV . 
•r -*'' 11 l 'Jl • ■'••inH l< lar- v ri 
'unsi:,. ■ trlral • ,rn.nl< <. ri „ [s „ vl cm 
‘ ,l ’ «’a.lt, ail; „,?> |.. r Jcl ,. e 

r - i ai. i - c; if .hi « a i 4 . 1 *. li \.. ,- a 

11 f r • I ,-f r ,i , M ... ,, 

'■*' 1 * ■ *-f •■■■ •• ■ ' alia* I. > I- | 1 a 1 , ; 

I'" 1 1 ■ " “ l? - ‘“f ’••«« » l * .:jla 

,* ■_ ” '’*■■' • *'••«« ' *• i‘ acini..:. ■ 

<n:lf .■ ria laia ajar, I 

•' 1 'i •' r*-' « ai« i«J. l a , 

■*m -i i* ..mi-: «* « . 5 1 1 . 

■ ‘ ■ ■' ■ ,, i' ■ ul !Mi li;l i :,,i| U , 

1 •« ■ ■ • ii .ill Ml,, i i*. , llloln 

; • ■ ‘ , * 1, «irl' .«*.! i* 

. 11 .. ■ . <«..- 1 . 1 , a, .Mi, 


y£s5SsJ!Jss,7ji- 

tzmmm 

il.ao; csaairalm on tha “ ‘ 

* 6 <r:»U Iona I an! ,U "* r 

'■ ■'•cFl.va. F„., u r4t Pjp „ IMWt 


■nd (2J lhac th« aurli'a teiloiilc fcaiurra 
ara torrelaiei villi edapreaa I ona I valoill-y 
aoonallci mar I ho upper aniillo, hui n«l wim 
r i-n * 00, » ,lle " I’ele- l lie upper mmle. 

. ,*• ““He. trawl tinea. Intra-plate 

eartluvwvai). ' 

J. Oaophja. Baa., Had, P op0 r 1B0U3I 
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2 li S ISSiIL SU * VEVa MI111 0CE AN MTTOH SETSHinBAPIIS 
OFF WE 3 TEBH CANADA 

snrn tP#clr,c ‘ooaclonco Contra, T.O, Boa 

6000 , SXJoay a.C. V 8 I, IB 2 CANADA 1 and 
C.C. Rogota 

* rr *J r » °f ocean botton nulamgrapliA hniio 

#T ! d J " ntui ’ lh * •«»•■>«■»» At 

° r ch * Juln J# r idpc ay n tom off 
vie). Waarly 100 event a vora lucocod 

+ in ii . 1 *? * ccur *< *“« ionorolly htrear than 
r, ... ’ * l J * 7*08 on ar noor clio en-achalon 

“ ,0 *" fal,lt >*■*■ boundarlua a. doflnad 
Bn * T, * t * e onoaailloi, tho 

nia daDth’S ?? j ow wd ly oth,r 8 ,a P*V*‘ c- * 
baLaii J V? ? voou datormlnad to 11 b 

iSriii . 2 “ d 6 ^ b,u " **>• top of tha criiat. 

«a aaUcatrama nahlki , j , 


Seismology 


n,, ““ “ oatew cim top of tha Croat. 

irri™^“f’ M "* hlblt «»«*r P and S *avo 
ao™H«!.^ 0n ® i 1 ' 1 * *‘ h * e ®* that ‘"volaa P to S acd 
of P COB * 8 F 8 *dn probably at tha baaa 

or tha aadlMata banaach ch. Th. 


■ n <;■ «ti. i, .ic .j 

W. !>.!>*.»! il- .P.Sa .,! 


■l.o .....aa ,k - il b. „j 

'.W’ . « 

" 1 «'/'■'* »!*'« Jin.i r a-! y 

r 14 ' ai.i., (r.„.T) fen ralnral 

I l II » I ' t I a i * n. M, • l„« . 

IImVi'."’/ ‘" M V ' •’•* * MW.1 

»T J i I~-a. 

iMi-arr Toi„i, M ,. 1Tll , tttfJ 

ri ■■If it'll' l plvta ii< rai,al«i«.j wli*, daniai- 
•'V (mu »■* Hint )f< iuar t>i„, 

' ft I a"! i.l-.lti 

laf.iiiAIIr'. ifrar m, on-nt. **< rj;,<,,r *, . 

' ifila'-e ir.illa J ttm * 

Vi\ra"'iia«J , ! l ' r V <l 

! ‘ ' lilar|..-». at . In, u „, 

-■el A. - JC-, f.-« ■(t-.-Iire «t tf* r_. r. 

iiL-t r. a „• f a-„ ||,,j , |rM .. jb 

»l ilJU.ri Ini. yn ,.p„, a , ( , |l( 

t ■' . par n, i, f , .* m ijt , u ^ {t?Vi |Uf 

•'”**» *iu '.rl iv 1 1 Ira ,.f Vn ■ I.I.O.it. 

dfii*- * 7 t* ■' r ««*■■ rerraipen. 

!'■* Iliviaum pf M,yi 
*'» I K-;. .**ar M |.a irlc;|l, darira.M «iah 

* n»iat|,a |Imi,>i or n nit *«* a t 0 ' k larmli, 

» », aariaiim Im *.lf La/a.f *, us. W 


not B: Jy « 1 V(| 

J?Ur 6 J 2 i 5 !S m “W* vtucm »MKnme 

»i..iu J M!:. B,| ni »■ 
Ir ® 

«■ Hlrnw '■•tllar 

Il I» I'ii niHr ih,J '*'*■' lh ' ■anlla. 

Ihia |pi| .[* 1 T* J* prenoqnird 
•-.a „ «rt hau .k„ 

JMlailrn ..I IMM.pl.fa i !*>• 

I<r lk< lav*. 

MAiMlrd h . , hr .,,,“17 ! * - * 6 ff*b*llon 

it iXtlTtoEtEts d,<4 

*’ nililmt with (hr i ratal , 7 J* tl ^ ajkr ® ■« 
Ike i <«btnM Inira.ptale iiT^"‘* Uop) - 

•■Mliaiba i ^ ht « 

drtaialai ■„ a v , ri|r i„m 7*777 
ff-V-rtatcna, aM tSfti” 1 !* « 7 -»krlc) 
•■AMVimly, . HiTr-liMM? > ,* l ' itl an **> 

•rlirity nrda, u , 4 !*?!!™ 1 “Iwnml 

fitful variatian I™ .a * h ! “"I**- 

■>« of lb, .racial ,ree,ra k«d for 

ib* , lb,,rv * J 

•■Ion, a »>d,l "J!! * «— pimlana, 
■«'««,„ tl SM * 5 , *J 0 ‘“ MJ 'J ■■laclly 
nun valor it* ...a. “ "I'*' and j 

of ID 0 .MQ f. E Jia "i JriSrSfrj* ‘“"i * 1 

auaaa.ta4 l.bral *'«»»••* fto« ■ 

«• carllrr fladiag, I ,V ' 1 , 0 ,, *b«a | M 

s: , 5ss«^. 


Af rvo 10 P convinion probably at the baaa 
rf bBM,th th ' InatruBBata. Th. 

“PiUudai hava baan aaclmatod rto» 
thE ?“ “ ln * fD “ r ralkb ration a von to 

Baanlmda M * 1 ! * lan< * OUtlao, Tho 

roiah p,raU ch “ dotemlnaclos of 

I tud^f equate, of oocurranc 
ara ragoltoda range of 1 co 3 that 

roeurran^I rirl ? ln ? ly 800,1 ■* raQI » rD t with tho 
S 2 S ,or 'he -t lar gar 

Tha ,ro * 20 y«ira of land atation data, 

Troa tha . Wt r* vm *®clky In tha uppamoac mantla 
artava b, , 5 r t h 2 i* k *i dat * r * cord - d *>y tha aaa floor 
1 . 7 > a I'® *" ? ,nd *h« moan Pp/?a ratio la 
J flcih!. 1* WB * r * cio ot 0.2*. 

UMphya, *ia., r,j i p, ?w 1BCQ11 


SEISHlONlftrt nr°?.,i* Ie,eltn1c ra ^*<* u< 1 1 
♦MREW nuf^aSSiSF DEEP STRUCTURE OF THE 5AH 
CALIFORNIA^ S ' TEHl CE,m,AL C W ST M™ E! - 

0n1vars1ti D 3 4 ni n 'h n,: a Or Bna fleophyslci, 

ThS&JafiSt f 411 L * lte Cit y- W 84 1 1*') 

«■*«( ,»? ' *Bvartlon of talaielgalc P- 

cantral m ™°rtM at tha USGS 

«cale {- tai« 0r » S«? Priy h,s Bnal 1 - . 

iMnti-h.* !!!?-?? ?? 10 ^^*} crustal and uppar 

IwomU riH , ^ tD dB P tfls SO » ■ ■ 

crustal iS i5l ir °r n1 * CMSt ranges.: upper 

rtS , , v,, ?«iV wrlatlons of 3 rt . 

tK 5 a?ac I* * urf# « RBology. lowr- • 
TertlarvMSV* i 61 **** 4re iisoclatad nUh thlt 
Mlocltfas ifK n h“ ry 1,11 flnd hlgher-thM-averag 
««tal w 1 Su- b S 2 ? ,,ne •sposuriK. L oi*r 

crust u Mrlatlom. Athlnm 


ran act crunJrrE?!?™ 3 *'®’^ **■•&*£ * 

crust i* S5ii!iiE 1ok " MS Mriitiom. Rthlniv 
Tiult 111 ‘he San WdrM 

wna of ini^ t f wa f t i 0f 5 4n Pab, ° 8«y- * ,,nw 
tha San And Till 0 ?] *i ? s *° 10 - 4 *) subparaMa* 
*ntla Thl*i* SUlL"* ’■Molvaif In the uppa 1 
tha Toi,u-iIL?r? r ® r r* d Interpretation li. that 


isthewjrtlre'll i n ,nd, ?? le i rt#rPOW “P* p ? J 
birtonnSth^ 10 u " M,U4,1y ‘hallow depth, (-.4! 
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New Origin of Life Theory 


A new theory about the chemical evolution of life proposes 
that simple self-replicatlng chemical systems ralher than 
complex ones could have been the precursors of living cells 
more than 3.5 billion years ago. The new theory, published in 
a recent Issue of the Journal of Molecular Evolution, was de- 
veloped by David While, an assistant professor at the Univer- 
sity of Santa Clara, Calif. 

White proposes that the first chemical ancestors of life 
were themselves ‘alive’ only In the sense that they could re- 
produce themselves and may have been far simpler than 
previously believed. The prevailing theory of the chemical 
evolution of life holds that natural energy, such as lightning, 
sunlight, and heat, Interacted with the atmosphere, soils, and 
oceans of primordial Earth. The continuous Interaction and 
evolution over millions of years eventually produced complex 
chemical systems that could reproduce themselves and that 
led to the first Irving cells. The problem lay In getting the right 
chemical building blocks together in the right place at the 
right time. The process that led to living cells is easier to ex- 
plain, however, if the necessary components are simple end 
law In number. 

According to White's theory, very simple self-replicatlng 
systems could have appeared very early In chemical evolu- 
tion. A key to the theory— whether these simple molecules 
would be capable of reproducing themselves— has been 
demonstrated by the recent results. Experiments done at 
Santa Clara, and jointly at the Ames Research Center, 
showed that under simulated primitive Earth conditions a 
short chain of amino acid molecules can produca longer 
chains ot another amino acid and still longer chains ot a cata- 
lyst molecule. The catalyst molecule functions like an in- 
efficient, primitive enzyme. It is the first such simple molecule 
to demonstrate the vital ability to catalyze (chemically facili- 
tate) a reaction— an ability essential for life. The 'proto-en- 
zyme catalyst,' as it Is called, was suggested by White's theo- 
ry. The discovery of the catalyst molecule and its function Is 
important but not sufficient for the origin of a self-reproducing 
system of molecules. Nucleic acids are required, as well as 
molecules that are able to carry genetic heritage to the next 
generation. Computer modeling based on known properties 
of molecules showed that, in theory, a self-reproducing sys- 
tem could be amazingly simple. In principle, the simplest pos- 
sible system, called an anogen by White, would consist of 
two protoenzyme amino acid chains. This assumes that 
molecules from which amino acids and nucleic acids could 
be bulll were already present In the primordial environment, 
an assumption that has gained some support from laboratory 
simulation experiments. 

In this theoretical system, the two short protoenzyme 
amino acid chains would be able to synthesize themselves 
and two nucleic acid chains, which in turn tell the amino acid 
chains how to make all four products of the system. This 
'four-component system’ (the two amino acid chains plus the 
two nucfelc acid chains) Is theoretically able to make many 
more such systems from the stock of building blocks which 
are presumed to have existed In the primordial environment. 

Just how the nucleic acids would specify the exact amino 
acid chains remains to be demonstrated, which is a problem 
tor all such theories. One advantage of White's theory is that 
the accuracy of the specification process need not be very 
great. 
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We may find that a four-component system is too simple,' 
commented White. 'We may have to look for more complexity 
to get realistic self-reproduction. However, the success of 
these first experiments suggests that simple catalytic proc- 
esses may be common in nature.' 

An array of experiments is now planned that will use the 
most commonly found biological building blocks to look for 
other simple catalysts and nucleic acid patterners. The goal 
is to discover whether self-reproducing molecules can orga- 
nize themselves in laboratory experiments. Another advan- 
tage of the new theory is that It provides guidelines for the 
design of future experiments to test its predictions .— PMB P> 


RACOONs Amass Wind Data 


Balloons, not furry little animals, are being developed to 
provide new, inexpensive methods forgathering weather 
data in the tropics. 

RACOON— short for radiation-controlled balloon— Is a ze- 
ro-pressure balloon which will be used to provide strato- 
spheric wind data for equatorial regions, according to the«Na- 
tional Center tor Atmospheric Research. These data are una- 
vailable from satellites. Currently, the global rocket network 
gathers tropical wind measurements lor weather forecasting; 
however, the network Is being phased out. 

The helium-filled RACOON balloon, once aloft, rises to an 
altitude of 38,100 m at dawn when the helium gas Is heated 
by the sun. At twilight the helium's volume shrinks, and the 
balloon sinks to around 18,300 m, above the tropopause. 

The balloon, warmer than the ambient - 1 00’ F temperature, 
retains its buoyancy. 

Unlike superpressure balloons, RACOON balloon bags 
are not strong enough to withstand internal gas pressure that 
exceeds the surrounding air pressure. For this reason, as the 
zero-pressure balloon rises, helium is vented to the atmo- 
sphere to maintain an equilibrium between the inside and 
outside pressures. Superpressure balloons, requiring costly 
materials and precision manufacturing, do not vent gas and 
are too expensive for routine meteorological monitoring. 

Research on zero-pressure balloons recently received a 
boost with the setting of a flight duration record. Launched by 
NCAR scientists September 16 near Devil's Island in French 
Guiana, the zero-pressure RACOON balloon circled Earth 
and landed in the Amazon jungle 38 days later, surpassing 
the earlier record of 8 days. Fully inflated, the balloon resem- 
bles a semi-translucent. slightly pear-shaped beach ball. It 
has a helium capacity of nearly 19,900 cubic meters. Pre- 
vious RACOONS were unable to stay aloft for a long period 
of time and floated lower, owing to the heavy equipment and 
ballast It had to carry. 

Follow-up tests of the RACOON system are planned tor 
this month — BTS ffi 


Antarctica: As Seismic As Other Plates 


Antarctica shakes, rattles, and rolls just as much as other 
slow-moving plates. Emile Okal, a Yale University seismolo- 
gist, told colleagues at the AGU Fall Meeting that although 
the Antarctic plate is not moving across the earth as fast as 
other continents, il has a seismicity similar to other plates. 

His findings refute the claim that a ring of spreading ridges 
that surrounds the plate leaves Antarctica stress free. 

The small number of reports of plate seismicity, Okal ex- 
plained, has been used to argue that the ridges that surround 
the plate are unable to transmit tectonic stresses and would 
make the Antarctic plate motionless and free ot seismic 
stress. However, when Okal added up the lota! seismic ener- 
gy released during the last 55 years, he found it similar to that 
of tha African plate, which Is comparable in size. 

He then computed the yearly energy release per unit 
lenglh of ridge bordering the plate and found a close match: 
Antarctica's seismic release Is 3.4 x 10 17 ergs/yr/km, com- 
pared to Africa’s 2.3 x 1 0' 7 ergs/yr/km. 

'These figures show that, far from being aselsmfc, the Ant- 
arctic plate releases just about the same amount of energy 
per length of surrounding ridge as does Africa, whose kine- 
matics and size are similar,’ Okal stated. Seismic activity oc- 
curs primarily in the oceanic regions of the plate; the conti- 
nent itself has only low seismicity. , 

Key to previous mlsjudgments about Antarctic seismic 
events Is that they occur relatively Infrequently, he said. Okal 
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judges Ihe recurrence period at 45 to 50 years. This makes a 
large difference in seismic reports,’ he said, 'because 50 
years ago detection levels were very poor.’ Southern latl- 
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What causes site-specific iritraplate seismicity? Okal hy- : 
polheslzes.that weaknesses in the plate caused by.a history 

' oftectonism could play a crucial role. Based on analysis of, 

: the^Tqrt^quakes In the last 55 years, Okal propoaos lhat a 

zone of preferential stress release exists. This zoneltes ln 
‘ . the wake of the north 


junction of three plates: the Pacific, Antarctic, and Nazpa. . 
The line of local maximuni age is the zone of weakness. Okat 


: ; vOiiie deformation of the'iMate ocburS during the release of- 
■tnnft.'nkal calculates. The average deforma* . 


eastern Pacific region of Ihe plate is 1 mm/yr, or 5% of plate 
growth In that region. This region Is 'by far the most active,' 
Okal noted. Tha horizontal compression is in the direction of 
spreading or ridge push, hB added.— ST’S 4k 


Mining’s Impact on Groundwater Assessed 


Detailed studies have indicated that groundwater is con- 
taminated In the immediate vicinity of many mines in the 
eastern United States. However, no underground mines and 
very few refuse disposal areas have monitoring systems that 
can provide adequate warning of Impending threats to 
groundwater quality. 

This was one of the conclusions of a 3-year study by Ge- 
raghty & Miller, Inc,, a firm ot consulting groundwater geolo- 
gists and hydrologists based In Syosset.New York. The 
study focused on mines east of the 100th meridian. These 
mines will produce an estimated 1 . 1 billion tons of coal and 
200 million tons of waste by 1 985. 

In addition, the study concludes that ‘engineering and hy- 
drologic controls Instituted during or after the mining process 
are seldom fully effective in controlling adverse effects on 
groundwater.' Diverting groundwater around mines, how- 
ever, by using dewatering or connector wells Is promising for 
minimizing groundwater Impacts in some hydrogoologic set- 
tings, according to a report by Geraghty & Miller. 

The report, prepared for Ihe Industrial Environmental Re- 
search Laboratory of the Environmental Protection Agency, 
singles out 3 1 counties— predominantly in western Pennsyl- 
vania and southorn West Virginia — that have ‘a greater po- 
tential for significant adverse groundwater impacts Irom fu- 
ture underground mining.' These counties met two of the 
three criteria developed for the study to assess mining's ef- 
fects: counties with underground coal reserves grealer than 
455 million metric Ions; counties with over 1 .06 million gal- 
lons per day of groundwater pumping: and areas within these 
counties that have available groundwater suitable for small 
industrial and public supplies. d> 


Ocean Drilling Surveys Planned 


Asa continuation of the International Phase ol Ocean Drill- 
ing (IPOD). Ihe G lomar Challenger is slated to drill in the Pa- 
cific and North Atlantic oceans during 1982-83 In prepara- 
tion lor the drilling. Ihe Joint Oceanographic Institutions (JOl). 
Inc. will manage the site survey program during 1981-82 
These site surveys will be focused lo support four programs', 
a hydrogeology study on the equatorial East Pacific Rise 
flank, a study of Mesozoic sediments in the western Pacific; a 
study in sedimentation of Ihe equatorial Pacific basin; and a 
study of the geochemistry of the North Atlantic ocean crust. 

JOl has issued a request for proposals for the United 
States site survey program. Proposal deadline is March 5. 
For additional information, contact JOl, Inc.. 2600 Virginia 
Avenue. N.W., Suite 512, Washington, D.C. 20037. 


New Coastal Studies Center 


The Scripps Institution of Oceanography has established a 
new center that is charged with coordinating the research 
and teaching of nearshore ocean processes. 

Under the director of Oouglas L. Inman, who specializes In 
Inshore ocean waves, currents, and sediment transport, the 
Center for Coastal Studies will be the focus of international 
research programs as well as ongoing local, regional, and 
national studies. Members of the center’s Shore Processes 
Study Group have advised many U.S. agencies and foreign 
governments on aspects of coastal planning, data acquisition 
and processing, and concepts for coastal protection and 
sediment management. Long-term cooperative exchange 
programs are under way with scientists from Israel and Italy; 
plans are being made forsfmillar programs with Egypt and 
the People's Republic of China. 

Marine archaeology and the migration of early man in the 
coastal region of North America are also being studied at the 
center, tf 


Voyager 2 on Path to Uranus 


The continuation of Voyager 2 on a lra|ecloty that would 
lake it to Uranus In 1986, after flying past Saturn this sum- 
mer, appears certain. Linder the approved plan, the space? 
craft will encounter Uranus at a distance of 107,000 km on 
January 24, 1 966, making measurements and taking pic- 
tures as It speeds past and heads for a possible encounter 
with Neptune. 

The Uranus encounter will provide the first close-up look 
at that planet. Uranus is the seventh planet outward from the 
sun and Is twice as far from Ihe sun as Saturn; it rotates on 
its axis, at a tilt of 98°. 

The decision lolly past Uranus Is, in effect, a decision to 
retain the present trajectory. If JPL had decided against a 
Uranus encounter, then a retargeting of U\e Voyager 2 would: 
have been required. Voyager 2 was launched August 20, 

1977. The sister ship to Voyager 1. Voyager 2 flew by Jupiter 
in July 1 979 and will encounter Saturn on August 25, 1 981 . 

Voyager 1 ‘s trajectory through the solar system was se- 
lected to optimize the scientific objectives at Jupiter, Saturn; . . 
and Titan. The path of Voyager 2 was chosen to provide a • V 
course to Jupiter; Saturn, and Uranus, and perhaps Neptune; 
This path does not provide a close-up approach to Titan or a . 
Saturn ring ocpultation, which were among the gbals of the ' •• ; 
Voyager 1 miss Ion.. The final decision to remain an flifstra-;’ ; 
jectory had to await the successful outcome of Voyager Ts .; 
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Mutch Memorial Plaque Unveiled 

A plaque commemorating Thomas A. Mutch, former asso- 
ciate admin. strator of NASA's Office of Spaco Sctenco was 
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New Map Data Catalog 
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| New Publications 


Quantitative Seismology, 1, Theory 
and Methods 

K. Akl and P. G. Richards, W. H. Freeman, San Francisco, 
xiv f 557 pp., 1980, $35.00. 

Reviewed by Freeman Gilbert 

Quantitative Seismology, by Akl and Richards, will find a 
prominent place In (he library of every seismologist. The two- 
volume work, of which the first is reviewed here, treats 
seismology as a branch of physics with a well-defined theo- 
retical basis coupled with an observational program providing 
data of high quality. Very roughly, the first volume Is derated 
to (he theoretical basis of seismology and (he second to data 
analysis, Interpretation, and problems of inference. 

After a brief introductory chapter, the authors devote chap- 
ter 2 to the basic elements of the theory of elasticity. The 
conservation equations for linear and angular momentum are 
derived, and Ihe classical constitutive relations are in- 
troduced. The concept of superposition for linear systems Is 
introduced, and the Green's functions notation Is used to de- 
rive compact representation theorems. 

Dislocation sources and volume sources are introduced in 
chapter 3, and radiation from a point source Is discussed in 
chapter 4. Here we meet P waves and S waves for the first 
time. A generalization of the far field expressions for homo- 
geneous media leads to a discussion of ray theory In hetero- 
geneous media, which Is followed by a discussion of radia- 
lion patterns of body waves In a radially stratified medium. 

Tho authors uso the technique of Introducing their mathe- 
matical mo I hods In small doses while always emphasizlno 
! Ih0 physlcol mooning of their results. As a consequenoe 

a.^rI.» tJ T C h GOdln9 c J hflp!er ,s mathematically only slightly more 
difficult. The procedure is an effective one and permits Ihe 
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make the transition to boundary value problems a smooth 
one. The reflection, transmission, and conversion of plane P 
te^mnnp V n S at a 1^™ dlscontinui ty are treated in chapter 5. 
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NEW from AGU 


Both the ODE approach and tho variational approach are de- 
scribed. In the ODE approach, ihe authors expound the nnniT 
lar methods of numerical Integration, the Thomson-HaakeN 
matrix method, and the method of minors. The variational 
method is used to derive functional derivatives of phase ve 
locity with respect to elasticity and density and to elucidate 
the Rayleigh-RItz method for computing eigenvalues and ei- 
genfunctions. The chapter concludes with Rosenbaum's 
classic theory of leaky modes. Given the Identity and repute 
tion of the authors, It is no surprise that this chapter on sur- 
face waves Is up to date and very well written. It provides the 
reader with Ihe knowledge and the methods to approach a 
research problem In this Important branch of seismology 
Chapters, on frea oscillations, could have preceded chan- 
ter 7 with some-advantage to the logical structure of the text 
In this way the transition from free oscillations to travelina 
waves In a spherically stratified medium to surface waves In 
a plane stratified half-space would appear in an orderly man- 
ner It is a small point and detracts not at all from the quality 
of the book. 1 

After deriving the Lagrange-Raylelgh excitation formula for 
the normal modes of a mechanical system, the authors in- 
troduce vector spherical harmonics and show the basic de- 
composition for a stratified sphere Into spheroidal and toroid- 
al modes. The effect of self-gravitation is included in the derf- 
va ion of the governing ODE for free oscillations. Tbe eigen- 
value problems here are very similar to the ones in chapter 7 
and they are solved with similar techniques, the two most ‘ 
used ones being nth order, one step methods for the ODE and 
the Rayleigh-RItz method. Some observational results prin- 
cipally for the Colombian earthquake of July 31 , 1 970 are 
presented to illustrate the methods used In very long period 
se smology. The chapter closes with a brief discussion of 
splitting caused by the rotation of the earth. 

Chapter B is a very good Introduction to the subject. It Is 
basic material that must be mastered by anyone desiring to 

S^fhtrfth 0808 ^ h y? rke u in low ,rec l uenc y seismology. The 

nT rt i h? j0C has been V0ry rapld in lhG past decade, 
so much so that a separate text could be devoted to it. 

The propagation of body waves Is the subject of chapter 9. 

Is easily the most technically demanding chapter in volume 
1. The heterogeneity of the earth, particularly its major dis- 

in the hranSh 1 s } tu ? UT9 \ leads to some challenging problems 
n t£e branch of seismology embraced by body waves. Clas- 

cteito?Q h J2fth 1 ^ ? SCUS8ed in cha P ,e r 4, Is extended in 
dS of^! i hB r l educed traVGl tfme - th e integral over 
r® ptb of he vertloal slowness, Is introduced. This variable, 

rrlr ed H ,h , fi t8U variable ’ is ubiquitous In seismo- 
tSh nl o P ^ ys a cen,ral role in lh e present chapter 
roedia and smoothly stratified media 

melSd S EH !!?, datall ' Fo -r th e former, the operational 

° hBrs as W0H 38 ,he reflectivity 

part^ta Vflfl vn« n F ° r the latt8r ' WKBJ toeory and the 
SIT n ? n are Ut,lized ' There are numerous ex- 
r P 0 dlnrl n H « th ! * 8thods ' For tostance. the frequency 
Waves ,8dlscussed by way of the 
i7 f 5l pi?D - T on {r0a,| y due to Cauchy), and general- 
effect In everv ca^Tih^ 8Ub ^ 8Ct of tho whispering gallery 
clearly stated^ CaS0 ' hS presenta,l °n is well motivated and Is 

dardtvDaVn?b 0S W ' th 8 cha P t0 ron selsmometry. The stan- 
^seismographs are discussed and their re- 

1 g In th= d , erlV0d - Seismic accelerations range from 

tessof 0P S a , ar0a of some eart hquakes to 10-" g or 
asH S h f ° r . Q , e 9 sd,lat, °ns excited by a moderate (M = 6.5) 

cover^such n ^ Sr f* ,yp8s seis mographs are needed to 
ar inri^T ar Sf range 01 s,0nal amplitudes, and 
aras P D thi°h««in M b8S h » 0 i m in enou0h deta ll for the reader to 
iact and o d ; Modern S6lam ometry Is a large sub- 
. upport a textb ook quite easily. 

' 8 3 V8ry success ful book. It Is 
wen designed for teaching a graduate course in theoretical 


ISBN 0-87590-508-0 


pi <? e odynamic$ series 


The Series: 

■i^sssasa,---- 


V °' Um ® 1 (1980) 

‘».S5TL l K p, * ln,erto '» 

J-. Mc ^ elchlr> - R.I.WalcoO editors 

KaSesss. 

recod ,CS plaJe ln,er lon. irom the straflgraphlc 
oSvaS 01 movennen,s and Instrumental .. .. 


■'WSSSS- 


Washington, D.C. 2DQQQ 


168 P.90®* i ' Ust, Price $15.00 

Arkjmembef? ore entitled 
> : • ’ l . . to a 20% discount . y.- ] 


seismology and is destined to become the standard refer- 
ence on the subject. There is an extensive bibliography, a 
well prepared index, and a variety of figures, each carefully 
prepared, well captioned, and coordinated with the text. Each 
chapter is followed by a well chosen set of illustrative prob- 
lems. Aki and Richards have done a great service for the rest 
of us. 

Freeman Gilbert Is with the Institute of Geophysics and 
Planetary Physics, Scrlpps Institution of Oceanography La 
Jolla, California. 

Numerical Modeling of Marine 
Hydrodynamics 

H.-G. Ramming and Z. Kowallk, Elsevier Oceanogr. Sen, 
Elsevier, New York, xli + 368 pp. , 1 980, $63.00. 

Reviewed by R. W. Garwood, Jr. 

At the Invitation of the Polish Academy of Science, Hans- 
Garhard Ramming presented a series of lectures entitled 
'Numerical methods and their applications in shallow water 
areas’ during April 1 977 in Gdansk. Zygmut Kowallk has as- 
sisted Ramming in assembling this lecture material and in 
combining it with some supporting theoretical subject matter 
into book form and In translating it Into English. 

To date there exists no textbook on numerical modeling of 
dynamical processes In the ocean, and any contribution that 
could fill this gap would bo welcome. The rather promising 
lilla is misleading because It implies a more general treat- 
ment of ocean dynamics than is In fact presented. A more 
filling title would have properly emphasized the primarily 
shallow-water applicability of the subject matter. 

The list of numerical methods broached is not exhaustive, 
but the reader is exposed at least briefly to many of the stan- 
dard techniques: finite differencing, stability and convergence 
criteria, iterative methods, physical versus numerical solu- 
tions. nonlinear methods, filtering, explicit and implicit 
schemes, and Galerkin methods. Throughout the text, nu- 
merical techniques are Introduced informally and only as re- 
quired In solving particular dynamical problems. The authors 
frequently invoke the adjective ‘well known' in referring to nu- 
merical techniques as they are introduced in the text. Even 
though the development Is frequently cursory, an extensive 
list of up-to-date references is provided at the end of each 
chapter. 

The chapter and section formal is based upon dynamical 
topics rather than upon numerical techniques, but no strong 
physical foundation is laid. Although the first chapter does 
present the basic equations of motion, it appears to have 
been added as an afterthought. Lack of any mention of ther- 
modynamics at this Juncture tips the reader off to the limited 


a|& 

ot momentum, but no consideration is given to modeling of 
the temperature and salinity fields. 

The second and third chapters deal with steady motion: 
tlrs some general numerical techniques for solving steady 
state systems of equations followed by a collection of some 
specific steady state problems in hydrodynamics. These 
problems range from classical ones such as Stammers wind- 
driven circulation to a presentation of more recent develop- 
ments In the understanding of turbulent boundary layer flows 
Invqlvmg second-order closure using the turbulent kinetic en- 
ergy budget. 

Unsteady problems and accompanying numerical meth- 
ods are combined into a single chapter. Again, lillle attention 
is £lven to stratification. The lack of a section on mixed layer 
modeling is a notable omission even for a treatise on shal- 
low-water dynamics. 

The next two chapters on tidal models In ocean basins, 
coastal zones, estuaries and rivers, and the following chapter 
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on the modeling of diffusion and dispersion of pollutants are 
the high points of this book. Clearly, it is Ihe pursuit of Ihe 
applied aspects of these general topics that is most inter- 
esting to (he authors and gives rise to the expanded treat- 
ment here. 

Even though the text Is typewritten and Is occasionally dis- 
jointed because of the English translation, it is quite readable, 
and typographical errors are few. 

In conclusion, this text is bast suited to those who are al- 
ready versed In dynamical oceanography and who have 
some experience with numerical methods as well. It does 
help to fill Ihe gap fn readily available material on numerical 
modeling in oceanography, and II can be a useful addition to 
the reference library of any modeler of ocean dynamics. 
However, lhe value of this book as a basic textbook is not 
comparable to analogous texts in meteorology. Perhaps this 
is being too critical of a volume that was never intended lo be 
more than a compendium of two scientists' salient experi- 
ences In hydrodynamical modeling. 

R. W. Garwood, Jr., is with the Navat Postgraduate 
School, Monterey, California. 
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haT , . nB Col,B 9e. Position tor 1 -2 years as sab- 
naiicai replacement starts September 1 981 . 8peclal- 
i^ S i! t,Ue ? 1 Ied: BWctamlstry (organic, envlronmen- 
Or :°^ xp,orallon ); exploration geophysics; 
aW^ a . Br A Ph.D. required. Applications 

D IfiSf ®*- and ‘hree references. Send to 

marital a!!. 1 Dfl P artmen, of Earth and Envlron- 

Sciences, Flushing. NY 1 1367. 
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SolentlatelMeteorologlats/Englnsers. 

Science Systems and Applications. Inc., (SSAI) 
has positions tor programmers, analysis, scientists 
and engineers to engage In scientific modeling 
end date analysis activities In Ihe areas of: 1. 

Plasm a/lonospherlc physics theoretical simulations 
2. Atmospherictoceanlc sciences 3. Remote sensing 
& radiative transfer/scatteilng studies 4. Satellite 
data analysis 5. Weather/cllmate & severs storms 
studies 6. AlmoBpherlc/Muld dynamics 7. Solar and 
planetary physics and aBlronomy B. Computer image 
processing and systems displays 9. System ealt- 
ware/hardware engineering 10. Nuclear fualon/lis- 
sion and 1 1. Applied mathematics. These positions 
Involve working with NASAfNOAA/NAVY scientists 
in metropolitan, Washington. D.C. area. A strong 
background In numerical simulations, and experi- 
ence In working with large scale computers Is re- 
quired tor entry level to senior sclentlsVenglneBr po- 
sitions. SSAI provides a congenial academic envi- 
ronment, pays liberal fringe benefits and awards 
bonuses lo Its employees. Please send your resume 
with salary history and references to Science Sys- 
tems and Applications Inc., The Aerospace Btrikling 
Suite 140. 10210 Qreenbelt Road, Seabrook. MD 
20601. 

Struetiiral Geologist. The Department of 
Geosciences of Purdue University Invites application 
for a tenure track faculty position In Btruetuial geol- 
ogy, starting In August 1981. Rank and salary will be 
commensurate with qualifications. A Ph.D. is re- 
quired. The Individual wll be expected to teach un- 
dergraduate and graduate courses In structural geol- 
ogy and tectonloB, participate In summer field 
courses, end pursue an active research program. 
Preference wH be given to a oandfdate wllh an ap- ' 
piled field orientation and a strong background in the 
quantitative analysis of Held data. The department 
has active programs In petrology, geophysics, and' 
engineering geology and has a ctoee working rela- 
tionship with the geotechnical group In chill engineer- 
ing and the Laboratory tor Applications of Remote 
Serai rig. Closing date tor appUdatlon la April 1 . 1 98 1 . 
Applicants should aend a resume, the names, ad- 
dresses. and telephone numbers of three referees, 
and a brief statement ot research Internals to R . H. 
McCalllster, Department of Geosciences, Purdue 
University, West Lafayette, IN 47907. ■ . 

Purdue University Is. an equal opportunlty/afflrma- 
’ this action employer. 

Virginia Potytuhnle IrteHtuta and itata , 
University. IgneouB Petrology and QBoChemla- 
try/Research Associate. Origin and teutonic aigntn- , 
cance ofgranHIo rooks. Project towi™ petrography, 

. • analytic chemistry, mineral chertitotry. Isotopic slud- 
' lea, and field mapping. Send rtsum*) id: 

: D. R. WonB8, Chairman | ' . . . 

, Department ol GeptogtoBl Sciences-: 
VlightePDly.lnst.qndSl.Un.lv- 

. . Blacksburg, VA2406L - jT' - - - 


Structural GaoloslaUUnlveraltyof Califor- 
nia, Santa Barbara. Applications are invited tor 
a tenure track appointment in structural geology lo 
be luted during 1 981 ■ 1 982. subject to availability of 
funds. Rank dependent upon qualifications and ex- 
perience. but preference will be given lo the assistant 
professor level. Successful candidates must have 
Ph.D. degree and strong desire and commitment to 
teach and direct MA, Ph.D., and undergraduate stu- 
dents In both slruclural and field geology. He/she will 
|m expected to develop a strong research program 
end obtain outside funding tor its support. Additional 
duties may Include leaching physical geology and 
summer Held geology. 

Please send resume and evidence of teaching and 
research proficiency, fay March 31, 1981 . and ar- 
range for early submission of four letters of recom- 
mendallon to Dr. Arthur G. Sylvester, Chairman, De- 
partment of Geological Sciences, University of Cali- 
fornia. Santa Barbara. CA 93106. (805) 9B1-315B. 

The University of California Is an atflrmatlve adlorV 
equal opportunity employer. 


Remote Sonalng/Oooan Engineering or 
Oceanography Faculty Position. Ap- 

pBcallons are solicited for two permanent nine- 
monlh positions Involving both research and 
graduate and undergraduate leaching. Ability to Inm- 
ate funded research is desirable. Send resume, brief 
statement of research areas, and the names ol three 
references lo F. W. Morris. Search Committee, De- 
partment of Oceanography and Ocean Engineering. 
Melbourne, FL 32901. 

Equal Opportunity Employer. 


Hydrogeologlot The Stale University of New 
York at Bhghamton Invites applications for a per- 
manent poBttbn In groundwater hydrology, sterling 
fall 1981. it is desirable that applicant have teaching 
end researoh Interests In one or more of the follow- 
ing: groundwater hydrology, modeling, Dow through 
porous media, arnl environmental hydrogeology. 
However, applicants wWi interests In other areaswili 
be considered. , 

• Teaching rsaponalbMtlea will inctode both under- 
graduate and graduate courses. The opportunity ex- . 
Isle to Inmate courses ai all levels, but development 
of one towBr-Mvel undergraduate course la essential. 
Research facilities Include: electron mteroprabe, 
scanning electron microscope, )(-ray dif recto meters, 
atomic absorption and tranantejiton spectrophotom- 
eters, and access to a large cenlral computer aawgB 
at minicomputers fn department Appointment la 
.planned as assistant professor, but not necessarily 
at beginning ievsL Salary Is negotiable, but wll be at 
CompelBve academic leveL . , . 

Applicant# should submit resume and arrange tor 
three tetters ol recommBndalloii lobs Benito James 
E Soratri, Chairman, Department Geological Sci- 
ences, State University of New York at Binghamton, 

• Binghamton, NY 1?901. • ' 

^atettolMrelty of New York el Binghamton isan- 
' affirmative BoltoiVequal opportunity employer. 


Director/ School of Meteorology, the Uni- 
versity of Oklahoma invites nominations and appli- 
cations lor ihe posi of director of ihe School of Mete- 
orology affective tor the 1981 fall semester. The 
school offers programs of study leading to B.S.. M S., 
and Ph D. degrees m areas ranging Irom traditional 
atmospheric sciences to appiroauan-orlentedclima- 
toiogy. Many of these programs have developed 
close, synergistic relationships wllh lhe activities of 
the National Severe Storms Laboratory, lhe Oklaho- 
ma Climatological Survey, and the OU-N OAA Coop- 
erative Institute tor Meaoscale Meteorological Stud- 
ies, relationships that offer aitractive opportunities for 
innovative multidisciplinary and (nterinstllutlonal pro- 
grams. 

Applicants should have a Ph.D. to meteorology or 
a closely related field and several years o I relevant 
experience or equivalent quailflcalions. and should 
qualify for regular academic appohtmenl. 

The University of Oklahoma offers a comprehen- 
sive meteorology program comprising about 120 un- 
dergraduates. 50 graduate students, 8 faculty mem- 
bers. and several research associates. The program 
has been highly productive as measured by Its spon- 
sored research activities and the success ol its grad- 
uates. The director la ex pec te d to provide leadership 
that will sustain and improve Ihe quality and charac- 
ter of meteorology a! the University of Oklahoma as 
wen aa to conlr tbula lo Ihe leaching end research 
programs of lhe school. 

Nomkiatfons and applications should be senlto 
Wm. R. Upthegrovo. Chairman, Meteorology Direc- 
torship Search Committee, 107 Carson Engineering 
Canter, University of Oklahoma. Norman. Oklahoma, 
79019. 

Applications should include a resume, oils! of pub- 
Hcfttona. and names ol at least three professional 
references. In addriion. candidates are encouraged 
lo submit aupptameniol statements of their profes- 
sional goafs and iheJr impressions of (he directions 
and goals for aim aspheric sciences In the 1980's. 

Mitel screening will begin February 23, 1881; how- 
ever, applications wM be accepted and recruiting 
continued unlH the position \s filled. 

The University of Oklahoma te an equal oppartu- 
nlty/sfirm alive action emptoyor. 


•labia Isotope Qeoohomlalry/Unlveralty of 

•■ikotolyo won. The Department of Geological 
Sciences haa a vacant tenure (rack position ai the 
BBRStam professor level (or a stable isotope gao- 
chwnlst. Applicants should hold (or be about tore- ' 
ceiwa) the Ph.D. degree, be qualified to instruct un- 
oergraduatea In general geology and wider-, 
graduates, and post-graduates In geochemistry and. 
petrology, be prepared to pursues Vigorous fa- . 
search program, [and to assume Control of a geo- 
chemistry research laboratorywllh Microhms 902 
Dottote Cottecting Mass Spectrometer. Letters ot ap- 
plkteUpn, with qunioulum vitae Including the nantes 
of at toast three referee e, should be Sent I 0 W.G. 6 ! . 

' Caldwell. Head, Department of Gebtoglcat.Sctencea, 

1 University of Saskatchewan, Saskatoon, Canada - 
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aaoah«ml«try/BrlltlB flefarmallan, Univer- 
sity of New Brunswick. Tha Department ol 
Geology has a tenure track position available from 
July 1. 1891 al assistant professor or higher level 
Tho successful applicant will bo expected to teach 
noth undergraduates end graduates as well as car- 
rymgaut research and supervising graduate alu- 
1 fonts 

Applications will bo accepted in tho tallowing 
holds Qcachomi&tiyofaio bodies, exploration, envl- 
ronmonlaler soil geochemistry, buttle deformation, 
rock mechanics or alto engineering. 

Applicants should have a Ph D. and preferably, 
pod doctoral experience. Applications Including a 
curreufum vllno and names of ihroo referees should 
bo sent to P. F. Wihiame. Chairman. Department of 
Geology. University ol Mow Brunswick. Fredericton 
N B E3B5A3 

Selamologlst. The University of NevBde Sets- 
mo logical Laboralory invites applications for (he po- 
silion of focluror/re search soismologisl Candidates 
with Inio/egl In soismotogical research related lo 
oarlhquako hozord. onrthquako predlclion. iheoreil- 
cal source machan isms, and/or seismic signal char- 
nctonslicsoi regional distances are encouraged lo 
apply Toachlng duties will consist of one under- 
graduate or graduate couise pei semester plus par- 
iclpaion ui giaduata seminars 
Ph 0. degree in floophyslcs with at least three 
yoars research experience in earthquake seismology 
IS npproprUto lor this position. Salary up te S30.000 
lor twiova-monih contract, depending on background 
and 0 (penance. Position two thirds supported by 
state, one thud by grants and contracts Available on 
or attar l May lOBI . 

Deadline I March 1881. 

Candidates should send a loiter of application, list 
ol publications, statement ol teaching and research 
Interests, transcripts and names ol live rotoroncos lo 
Alan Ry.ill, Director. Soismotogical Lnboraioiy Unl- 
voisity of Novadn. Reno NV 89557 
AA.EOF 
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cind MATHCMATICIANS 

(In Underujoter Acoustics) 

GS-9 through GS-12 
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Ocean Acoustic Investigations. Positions will require ex- 
perlmental design and conduct leading to the 
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data. Involves direction of the reduction of data into tem- 
poral, spatial, and spectral components, comparison of 
® xlstln ,8 Ihoorles, mo?el va'daZs and ex- 
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Sponsors of 1 980 New Members 

Eight hundred fifty-five new members were elected 


Eight Members 
Fujlta. Kuzuya 
Meadows. Guy A. 
Vanicek. Petr 

Seven Members 
Chovitz. Bernard 
Rea, David K. 

Vogel. Thomas A. 

Six Members 
Oliver, Jack 
Smith. Robert B. 

Five Members 
Bukowlnski, M. S. T. 
Cox. Allan V. 

Four Members 
Armstrong, Thomas 
Beard, David B. 
Bostrom, Robert C. 
Burges, Stephen J. 
Burke. William J. 
Chapman, David S. 
Clay, Clarence S. 
Geller. Robert 
Halmea, Yacov Y, 
Lee, Tlen-Chang 
McLaughlin, Keith 
Nowlin, Worth D. 
O'Brien. James J. 
Slnlon. John M. 
Smylle, D. E. 
Sorooshlan, Soroosh 
Sleeves, R. R. 

Wong, George T. F. 


Three Members 

Ahrens, Thomas J. 
Bentley, Charles R. 
Brevflle. Gerald L. 
Carapizza. Marcello 
Davis, Stanley N. 
DeBremaecker. J. C. 
Dorman, James 
Eseens, Eric J. 
Franzlnf, Joseph B. 
Gordon, William E. 
Greenhouse. John P. 
Halls, Henry C. 
Hamilton, A. C. 

Heard. Hugh C. 

Jacob, Klaus 
Jamieson, John C. 
Kastner, Miriam 
Kay, Robert W. 

King, M. S. 

Klvelson, Margaret 
Koch, Roy W. 
Lachapelle, Gerard 
Lettenmaier. Dennis P. 
Llebermann, Robert C. 
Mason, Ronald G. 
Matumoto, Tosimatu 
McClain. James S. 
Moore, Charles B. 

Moy. Colin S. 

Nur, Amos 
Rochester, M. G. 
Smithson. Scott B. 
Swanberg, Chandler A. 
Thompson. David E. 


in 1 980. ThB following AGU members sponsored two or more new members Iasi 


Thompson. Rory 
Ulmer. Gene C. 

Valley. John W. 
VanderVoo, Rob 
Wendlandl. Richard F. 
Winn. William P. 

Two Members 

Ackerson. K. L. 
Alexander. Shelton S. 
Alton. John M. 

Allen. John S. 
Anderson, Don L. 
Anderson Jr.. Donald E. 
Bailey, Richard C. 
Barth, Charles A. 
Beard, Leo R. 

Blehler, Shawn 
Billlngton, Selena 
Bishop. James K. B. 
Bolt, Bruce A. 

Bralle, Lawrence W. 
Brown, Larry D. 

Brown. Philip E. 

Bruhn, Ronald L. 

Butler. Robert F. 
Carstens, John C. 
Chase. Richard L. 
Chen. Chen-Tung 
Cheng. Ralph T. 

Cherry. John A. 
Chesselet. Roger P. 
Crossley. David J. 
Curtin, Thomas B. 

Dairy mple, Robert A. 


Dean, Robert G. 
Dersch, John H. 
Devries, Richard N. 
Dodson, Martin H. 
Dues, Robert A. 
Dunning, Jeremy 
Eastman. Timothy E. 
Efdholm, Olav 
Ellwood, Brooks 8. 
Elrlck, David E. 
Erickson, David M. 
Ernst. W. G. 
Fahlquist, Davis A. 
Farley, Donald 
Flnnerty. Anthony A. 
Forslund. David W. 
Frey. Fred A. 
Frohllch, Cliff 
Gang!, Anthony F. 
Garland, G. D. 
Germany. Jan 
Gelhar, Lynn W. 
Gibbs, Gerald V. 
Glrdler, R. W. 

Goad, Clyde 
Gordon, Louis I. 
Gormtey. John T. 
Grafarend. E. 

Greco. Louis E. 
Greenspan, Marian 
Gumett, Donald A. 
Hall. D. H. 

Hanks. Thomas C. 
Hart, Stanley R. 
Hartle. Richard E. 


Hawkins, Jamas W. 
Hecox, Gary R. 

Hickey, Barbara 
Hlnze. William J. 

Houck, MarkH. 

Hunklns. Kenneth 
Ibrahim, A. K. 

Jlracek, George R. 
Johnson, Tracy L. 

Jurdy, Donna M. 

Justus, C. G. 

Keller, G. R. 

Kelley, Michael C. 

Kent, Dennis 
Kent, Doug C. 

Kester, DanaR. 

Klaer Jr., Fred H. 
Klusman, Ronald W. 
Kodama. Kenneth P. 
Lippmann, Marcelo J. 
Logan. John M. 
MacDoran. Peier F. 
MacDougsil, J. D. 
Manslnha, L. 

Marsh, Bruce D. 
Maurolte, Michel 
McNally. Karen C. 
Melosh, H. J. 

Mereu. R. 

Meyer, Robert P. 

Moore, Willard S. 
Morel-Soy toux, Hubert J. 
Morgan. Paul 
Morgan. W. Jason 
Mori, Hirotaka 


Morrison, John M. 
Mukherjl, Prllhvlraj 
Ness. Norman F. 
Nollfmier. Haflan C. 
Nyland, Edo 
Ossakow, Sidney L. 
Palmadesso. Peter J. 
Paacor, Donald R. 
Pillsbury. R. Dale 
Pollack. Henry N. 
Pradehl. Claus 
Protheno Jr., William A. 
Rawlins, Wilson T. 

Reid, Joseph L. 

Reiter. Marshall A 
Rice, James R. 

Rich, Frederick J. 
Rosenfeld, JohnL. 
Rummel, Relnhard F. 
Rusch. David W. 
Russell, Christopher T. 
Salas, Jose D. 

Sammls. Charles G. 
Sanford, Richard F. 
Schorb. Frank 
Scliluo, John William 
Schmldl. Victor A. 
Schmugge. Thomas 
Schwartz, Chmlos R. 
Sclar, Charlos B. 

Sevier, John R. 

Sexton, John L. 
Shoemaker, Eugono M. 
Silver. Eli A. 

Simpson. Eugene S. 


Smith Ml, Samuel L. 
Smyth. William H. 
Stewart, Arthur I. F. 
Stewart. Richard J. 
Sllerman, Donald J. 
Stiles, G. S. 

Slolz, Artur 
Strangway. D. W. 
Street, Robert L. 
Suglura, Masahisa 
Sumner, John S. 
Swan. Victor L. 

Sze. N. Dak 
Tarling, Donald H. 
Tullls, Terry E. 
Twiss, Robert J. 
VanSfckfe. Donald 
Vogel, Andreas 
Voss, Joachim 
Wakai, Noboru 
Wang, Herbert 
Wafers, Kenneth H. 
Wei, Chou 
Whipple. Elden 
Wioronga, Potor J. 
Wilt. Michael 
Wright, Janies A. 
Wu. Francis 
Wyllio. Potor J. 
Young, G. K. 


Fun Run Results 

Here are the results of the Geophysical Fun Run, held De- 
cember 9 in San Francisco during the Fall Meeting. The tec- 
tonophyslcs section had the most participants, followed 
closely by seismology. Art Boettcher (VGP) placed first. The 
course was 4.3 miles, from the Marina, along the San Fran- 
cisco Bay. to Ft. Point. Brian Bonner and Bill Brace officiated, 
and Eileen Schaffer helped with the organization. 


Place 

Time 

1 . Art Boettcher, first master (over 40) 

25:24 

2. ArtSylVB9fer 

26:00 

3. Leonard Johnson 

27:27 

4. Tom Day, first open runner 

28:40 

5. Bill Dyer 

28:43 

6. Rick Oliollnl 

29:00 

7. Tom Dixon 

29:10 

8. Jim Hawkins 

29:14 

9. BobGagoslan 

29:40 

10. Chris Barnes 

29:55 

]1- Eileen Schaffer, first woman 

30:00 

12. Bob Kleckhefer 

31 :05 

13. John Ross, first man over 50 

31:25 

14. Robin Coley 

32:00 

15. Detmar Schnilker 

32:30 

16. Gillian Turner 

32:45 

17- PhilHalleck 

33:00 

18 . KenYamashima 

33:20 

19. Jim Vernon 

33:32 

20 . Aharon Evialar 

34:03 

21- Jim Kirkpatrick 

34:50 

22 . Randy Richardson 

39:41 

•a* P oris Vsrnon . first woman master 

40:00 

44. Harmon Craig 

late start 


AGU SCHOLARSHIP ASSISTANCE FOR THE 
ACADEMIC YEAR 1980-1981 

The June Bacon-Bercey Scholarship In Atmospheric Sciences for Women 

Scholarship assistance in ihe amount ol MOD will again be made available to a woman who intends 
to make a career in th.? atmospheric sciences. Hie award, which is provided through a gift from June 
Bacon -Berry, a noted practicing meteorologist, will be made on the basis of academic achievement 
and promise. To be eligible for this scholarship a candidate must he one of the following at 
the time of application: 

• a first-year graduate student in a program leading to an advanced degree in the atmospheric sciences: 

• an undergraduate in a bachelor’s program leading to a degree in the atmospheric sciences, who has been 
accepted for graduate study in the field; or 

• a student at a 2 -year Institution offering at least 6 semester hours of atmospheric sciences, who has been 
accepted for a bachelor’s degree program In Ihe atmospheric sciences and who has completed all of the courses 
In atmospheric science offered at the 2-year institution. 

Application forms are available from ihe American Geophysical Union, Member Programs Division. 2U00 Florida 
Avenue, N.W., Washington, D. C. 20U09 (202/462-6903). Selection of the awardee will be made by the AGU 
Subcommittee on Women in Geophysics, in consultation with Ihe AGU Meteorology Section. 

DEADLINE FOR RECEIPT OF APPLICATIONS IS MARCH 16, 1981 


Meetings 


Processing Remotely Sensed Data 

* cal ! , ° r P a PQrs has beon Issued for the Seventh Inler- 
SsncoH ^ mposilim on the Machine Processing of Remotely 
Ve , ® , D ® ,a * scheduled for June 23-26 at the Purdue Uni- 
Wbsii i borator y for Applications of Remote Sensing, In 
rannrfj 9 * 10, lnbiana - Special emphasis will beon forest, 
pfri WStland ass essment. 

and onh S are solici,ed ° n but not restricted to data correction 
Hon of ^l a^C m men,, di 9 ital classification techniques, evalua- 
rannflta a w SS cation results, forest resources Inventory, 
use anH aaseB8ment - wetlands and water resources, land 
SBoionu 9S0 9 ra P blc applications, crop Inventory, soli survey,, 
and f*vI ap P cal i° ns , georeferenced Information systems, 
technology transfer. 

Summnri )ple ^ of paper 8ljmm arles are due February 1 3. 

Will hR rv.un s J hould ba between 500 and 1000 words. Authors 
readv rvv! t P f pa Pe r selection by March 1 B. A camera- ' 
Sanri V 0 tha manuscript will be due June 26. 
tyWi?^ 8 10 Dou 9las B. Morrison, Purdue Universi- 
’ Potter Drive, West Lafayette, Indiana 47906. 8S 

M »9n®tospherlQ Data Assessment 

(SC0STFp! tif 'm ^mmittee for Solar Terrestrial Physics . ! , 
s Pace FiinU. ^ sponsor a symposium at the Goddard ; ' ; 

assess f i'^ Ce ^ lerlri Q reenbelt, Mary|and, May 2i-23, to ; , 
spheric Study {lMs^ d Un ^ Br tba | P tema,lonal Magneto-;." ■ ■ 
^isctlv&a of the ttopference, which Is scheduled immedb:. , .■ 


ately before the AGU Spring Meeting In Baltimore, are (o de- 
termine the availability of data needed for correlative IMS 
studies; to examine the scientific results of the various work- 
shops; to analyze the strengths and weaknesses of the vari- 
ous workshop forms; and to identify the work required to fulfill 
overall IMS objectives. 

The first day of the symposium will examine Ihe data avail- 
able for correlative purposes. Of greatest Interest are data 
sets that cover a large fraction of the IMS lime period (1977 
to 1 979). The second day will concentrate on the examina- 
tion of scientific results from previous IMS workshops. On the 
final day, the scientific progress pf Ihe IMS analysis will be 
examined. 

Further details about the symposium can be obtained from 
the convenors: C. T. Russell, institute of Geophysics, Univer- 
sity of California, Lbs Angeles, California 90024, and D. J. 
Southwbod, Physics Department, Imperial College, London 
SW7, United Kingdom. $} 

■ New Listings 

The complelB Geophysical Year last appeared In the December 
SO Bo$. 

Boldface Indicate meetings sponsored or cosponsored by AGU. 


Mar. 8-12 ERRSAC/NOAA Land Remote Sensing Appll- 
• cations Conference, panvep, Mass. Sponsors, NASA, . 


NOAA. (Conference Management, Systems and Applied 
Sciences Corp., 681 1 Kenilworth Ave., Riverdafe. MD 
20840.) 

May 4-5 Seminar on Non-Sandstone Uranium Deposits, 

Golden. Colo. Sponsors. U.S.G.S., U.S. Department of En- 
ergy. Bendlx Field Engineering Corp. (Geology Division, 

Bendix Field Engineering Corp., P.O. Box 1 669, Grand 
Junction, CO 81602.) 

June 23-26 Seventh International Symposium on the Ma- 
chine Processing of Remotely-Senaed Data, West Lafay- 
ette. Ind. Sponsor, Laboratory for Applications of Remote 
Sensing, Purdue Univ. (D. B. Morrison, Purdue UnlvJ. 

LARS, 1220 Poller Dr., West Lafayette, IN 47906.) 

Aug. 31 -Sept. 5 Symposium on Geodetic Networks and 
Computations, Munich, West Germany. Sponsor, IAG. 

(Deutsche Geodatlsche Kommisston, Bayerlschen Akade- 
mie der Wlssenschaften. Marstallplalz 8, D-8000 Munchan 
22 .) 

Sept. 16-18 Oceans »81 p Boston. Mass. Sponsors. Ma- • 
fine Technology Society, I^EE Council of Oceanic 
Engineering. (R. Nagle, Publicity: Manager, Raytheon 
Company, 141 Spring SI.,; Lexington, MA,02173.j : . • - 
Sept, 20-22 National Water Well Association 34th Annual '• 
Convention and Exposition, Atlanta, Ga; (NWWA, 500 

West Wilson Bridge Rd.; Worthington, OH 430.85.) • • 1 

Oct, 6-8 International Conference ion Time Series Methods : ’ 

n Hydrosciences, Burlington, Ontario. Sponsors, National " 
'.Water Research Institute of the Canada Centre (or Inland ' • 

■ Water? and Waler-Reaources Branch ol Ontario's Ministry .»'■» 


38 EOS. vol. 62, no. 4, January 27, 1 981 




Ipf*! 


of Environment. (A. Ef-Shaarawi. Aquatic Physics and Sys- 
toms Djvsion, NWRJ. Canada Conlro for Inland Waters 

rw ?r B o, X 5 ? 5 . 0, BlJI,,n 9 ,on - L7R AAG - Ontario. Canada.) 

»*7 ,n,e '’ n * l l<onal Symposium on Quartornary Land- 
boa Migralron Bridges and Human Occupation of Sub- 
merged Coos tli nos. La Jolla. Calif. Sponsor, Cantor far 
J^oaslal Studios of Scnpps Institution of Oceanography. 

!?■ V lm nan. Director. Center for Coastal Studios. Scripps 
institution of Oceanography. La Jolla. CA 92093.) 


1983 


A? Ur ! h ,n ' orna,tonHl Conferonco on Permafrost. 
SponGOrs - National Academy of Sci- 

22° ° /V Jska < L Dg Goes. Polar Research 

d N w ' w 0 i CaU , Cn]V r ?' Sc,oncos - 2101 Constitulfon 
Ave., N.W, Washington, DC 20418 ) 

cini“n,l Na ^ nal WatCf W ^ir Association 35th Annual 

m L = /* p !* n ' Sl Louis ' Mo - (NWWA. 500 
West WiLon Bridge Rd.. Worthinglon, OH 43085.) 


Baltimore, and the Holiday Inn-Downtown. The Lord Balti- 
more and the Hilton are connected by a covered walkway. 
Read the housing application and MAIL THE COMPLETED 
APPLICATION FORM TO THE HOUSING BUREAU early to 
insure confirmation of preferred hotel. 

Registration. Everyone who attends the meeting must 
register. Preregistration (received by May 8) saves you time 
and money, and the fee will be refunded if AGU receives writ- 
ten nolice of inability to attend by May 15. Registration rates 
areas follows: 

At Meeting 
Preregistration (after 5/8) 


possible; or be certain that your name and other nnrr„ 
information Is on the check. Your receipt will be 
eluded with your preregistrallon material at the meetin 
Preregistrants should pick up their registration material^ 
preregistration desk at the Convention Center (On q "* 
from 5-8 P.M. in the lobby of the Hilton hotel) ' day ’ 

The program and meeting abstracts will appear in thn i 

fOSSf* which ls maNed ,0 a " membsrs ■££ 


Complimentary badges for guests not attending the setan 
title sessions will be available at the registration desk 


Member 
Student Member 
Nonmember 


Social Events 


1981 AGU Spring Meeting 


Ic2? llin,0r0 ’ ,ho r, ' to OflhoAGU Spring Mooting, MAy 25-29. 
is enjoying n major urban renaissance. Nowhoru is this more 

383? tL" M ° ,roCon,Qr - !h0 1000-acre downtown corn 
of Bnlumnre The convention center, mi ultramodorn meeting 

“ y - iy " sh0M from Hnilwr Place. Harbor Place 9 
is a skylighted, lorrucfid rang loin oral ion ol more than 20 wa- 
terside rosbiuranis and over 1 00 boutiques 

hew al ihroo nearby hotels; the Baltimore Hilton, iho Lord 


Regislrallon for 1 day only is available at one half the 
above rates. Members of the American Meteorological So- 
ciety, the American Society of Photogrammetry, and the 
American Congress on Surveying and Mapping may register 
for (he meeting at the AGU member rates. 

Students who are not AGU members should send In an 
application form with their registration payment. The dif- 
ference between member (or student member) registration 
and nonmember registration may be applied to AGU dues if a 
completed membership application is received at AGU by 
August 3, 1 981 . Current AGU annual membership rates are: 
$20 members; $7 student members. 

To preregister. fill out lire registration form, and return it 
with your payment to the AGU Office. When payment is 
mado by an organization, please attach the form wherever 


An array of evening activities includes the Ice Breaker 
Monday; the awards presentation honoring fellow sclari 
at a ceremony open to all participants, followed by a racel 
tion, on Tuesday; and an evening of fun and exploration on 
Thursday at the Maryland Science Center. H n 


Business Luncheons 


There will be eight section luncheons; Geodesy. Gaomao- 
netism and Paleomagnetlsm. Hydrology, Oceanography 
Planetology, Seismology. Solar- Planetary RelationsfSps.’and 
Volcanology, Geochemistry and Petrology. 

Check the appropriate spaces on the registration form and 
indicate number of reservations. Details of these activities 
wll be published from time to time in Eos. Follow the Sail Into 
Baltimore weekly update. 


%L tOTo 


AGU Spring Meeting 
May 25-29 


hotel accommodations 


PARTICIPATING 

HOTELS 


Baltimore Hilton Holst 

101 W Fa>eneSt. 
B.Uhrr-vc MQ2f2P1 
l30t J 752- M00 


HOTEL 

CODE 


ROOM HATES 


Single. 5*13 00 
Double. S58 00 
Trtin; 550.00 


American Geophysical Union 

Spring 1981 Meeting 


May 25-29, 1981 
Baltimore, Maryland 


HOUSING APPLICATION FORM 


Mail this form to: 
Housing Bureau 
1 West Pratt St. 
Baltimore, MD. 21201 


READ CAREFULLY: 

hotel to P tho '"^^'"ame^^U'/t'L'u'more^han^ne^oSm^ra^ 


PARTI 


REQUESTOR 


Holiday inn-Downtown 

301 YV LanibJUil Sl 
0<ill>iroft?. MO 21201 
(301)685 3500 


Smgto $35.00 
Double: S38 00 
Twin. S*14 00 


Lord Baltimore Hotel 

Bcilrtrnoro4 Hanover 
Sfreef, 

Ban more. MD 21201 
<301.1 519-8400 


Single; S33.00 
Double: 539.00 
Twm: $39.00 



LAST NAME 


NAME OF COM PAN V OR FIRM 


STREET ADDRESS UH PO BOX NUMBER 


extra person 

Hilton $15 00 
Lord Baltimore. SB 00 
Holiday Inn $7 oo 


parking 


HHtonnominai charge 
Lord Bali lm ore nominal c harge 
Holiday Inn free 


^ ^ ^ i j r i i i i i n 

ii iii ii — . , , ^ fey 

COUNTRY * Ll I | J 1^1 | [ | J | | | [ 

AREA CODE 1 1 I L 


PHONE NUMBER 


PART || 


SUITES 


Hilton * Parlcr plus Qn0 bedroom su.r e .Sl25 00-Sion nn 
• Parlor plus r»o bedroom suite/S^So 


the^p'p^opr^^coda^etterMn^^^^ boxe^be^ow!' 18 " St P ar *lcipatlng facilities, then enter 


FIRST CHOICE 

izrrb 

hotel code 


^ Su / G !° en,er the appropriate code letters on the 
attached form. Keep Ihis sheet tor your records 
and forward the housing application form to the’ 
housing bureau at the address indicated. 


SECOND C HOICE 

□m 

HOTEL CODE 


THIRD CHOICE 

exm 

HOTEL CODE 


NOTE* 

rnnf 0 !!^ 19 ' ano,her facility ord0r and ,f none of your cholci 

U r^oi 0 ! 1 °/ ganl26r - A cut-off date* is ° n a referral ^em arranged by yo 

received after 14 days prior to your arrival date" 6 yourapp,lcatlon may not be process* 


convention organizer A SSll 3LS. M . 8l9 ? 0d bas 
? rece,V0 d aftlr 


All hotel reservahons musl bo made on the ho.,<, 

=ssr . zsssssss 


§ your arrival date 

AGU houelng regletratlon deadline le April 24, 1981 


PART III 

aa* •“■sssKs ». «. 


Any questions roga/ding your holol 
accoinmodalions should be directed to: 

Housing Coordinator 
ABA Marketplace 
Ball' more Housing Bureau 
1 West Prat! Sl. 

Baltimore, MD 21201 

(301)659-7000 


CHECK ONE 


f 3 SIN0 LE (Ftaom wlih one bad an, nation) 

11 ^ (Room wlih one bed lwop„„na, A,, "'"° a,fl - 

> D .„ 

IPiflOf piuBona-bedroom suits) 

□ P + 2(Pai tor plus two- bedroom suits) Anlval Tim# ; 

CJ EXTRA PERSON 


MO DAY 


Quasi Nsmea (Print Lhi Name First) 

1. 


MO DAY 


AM 

PM 3 - 


** RECOHDS 


IMPORTANT NOTE; Hotel MAY re - . ' . ' / , 

will be on your conflrm^^^fpTOT 6 0 v a |^! e0cJ snivail . If so. Instruction ; 





> '.-'ft i;;- .-../-j -a. 
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AMERICAN GEOPHYSICAL UNION 
1981 SPRING MEETING 

Baltimore Convention Center 
Baltimore, Maryland 
May 25-29 

Registration Form 


PLEASE PRINT CLEARLY 

Badge Identification 
NAME ON BADGE 


AFFILIATION 


RETURN THIS FORM WITH PAYMENT TO: 
Meetings Registration 
American Geophysical Union 
2000 Florida Ave., N. W. 

Washington, D. C. 20009 


Onica Use 

RelorenCB Number 


DEADLINE FOR RECEIPT OF PREREGISTRATION — May 8, 1981 

Days you plan to nllend | j Monday | | Tuesday 
I ] Wednesday | J Thursday [ ) Friday 


PREREGISTFtATION (rates applicable only If 
received by May 8 deadline) 


Member 

Student Member 
Nonmember 

Abstracts April 28 (Eos) $5 


More than ona day 
O $45 
CD $25 
Q $65 


Mailing Address 


Telephone # 

Address during the meeting if different than 
above 


3 lease check appropriate box. 

Members of the cooperating societies may register 
at AGU member rates 
Member badges are blue on white 
Nonmember badges are red on white 
I Member AGU | | Nonmember 

j Member cooperating society 
\MS-American Meteorological Society 
\SP-Amerlcan Society of Photogrammetry 
\CSM-American Congress on Surveying and Mapping 


SPECIAL EVENTS 
Check the appropriate spaces and indicate 
number of reservations. 

AGU AWARDS RECEPTION, fallowing open presentation 
ceremony; includes tood and drink. 7:30 p.m., Hilton 
Cost per ticket: S9.25 

SCIENCE CENTER: An evening ol fun and exploration; 
includes food end beer, 8:30 p.m., Maryland Sdenco Center 
Cost per ticket: $6.50 

SECTION LUNCHEONS 

Geodesy 

Geomagnetism and Paleomagnetlsm 

Hydrology 

Oceanography 

Planetology 

Seismology— cost per tlckot: $3.50 due to subsidy 
Solar-Planelary Relationship 
Volcanology, Geochemistry, and Petrology 
Cost of ALL LUNCHEONS. $8.00 per ticket, unless otherwise noted 


One Day 

□ $22.50 

□ $12.50 

□ $32.50 


No. of tickets 


Tuesday 


Thursday 


Wednesday 

Thursday 

Wednesday 

Wednesday 

Wednesday 

Thursday 

Thursday 

Thursday 


| | Paymenl enclosed 
Charge to: | ] Visa 

I I Master Chaige (Inlorbank) 

Card Number 


Expiration Date 


Oihor payments (Ploeso identify) s_ 

Total $_ 


MAKE CHECK PAYABLE TO AGU 

OHico Use* 


Signature 



(itoiMMOj I VISA 


GAP 


Separates ... a great value! 

Print quality reprints of individual articles from AGU journals 
ore available at a nominal cost to you! 

To Order: The order number can be found at the end of each abstract: use all 
seven digits when ordering. 

Cost: $3.50 lor the first article and $1.00 (or each additional article In the 
same order. Payment must accompany order. * 

Deposit Account: A minimum of $10.00 may be placed on deposit with AGU for the 
purchase of separates. If funds are on deposit, Ihe cost ol the (Irst 
article Is only $2.00 and $1.00 for each additional article in ihe same 
order. 

Separates will be mailed within 3 weeks of journal publication or within 10 
days if ordered after the journal has appeared. Separates are available for 
purchase for two years from date of publication. 

Articles from Reviews of Geophysics and Space Physics are available for all 
regular Issubs since the journal's inception. Indicate author's name, Issue and 
year when ordering. These articles are excellent for classroom use. 

Send your order to: American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, D.C. 20009 


Hydrology 


Electromagnetics 


“J^PUCB 

,IB » WVryjlDEa* 0 * 71011 1,1 tm/n ~ LKtBP ELLIPTICAL 

or Elaetrlosl and 
““'on*!- State university 
™ M.3M! and J . E . Laela. 
da * elll K | C *i P “j“ 9 * tlon ** three-Lyar ittp ln- 
Wncreiu!,:? 1 r ‘ b * r "Wfluidea la investigated 
dialup' . P 5 BVLo,J, Analysis of U,e alllpU- 
c lu«e cliddeA ^ Ubo w * v *S'ilda la extended to in- 
0a *ieaj r. r Tr:. typ " tube-type fiber*. Hu- 
flt « Co ' 0,f eheraotailatlae of the 

?rouji »i,w_„ r ^V ®"d phjHi coaCfiDlent, 

toi B ( lh „ . POV * r dletribufclon chareater- 
*“*» roneg or ^ ln * nt " cd “ “ re preeentod over a 
• l,, PUt«l f(h^ rara0tQr ’' A LWO_ l*yor step Index 
tie. J * Preaented a. a 

f u»>n “isotrioltv ■ ingle iwde 

C °* 11 ter. ,.“ u ‘"•t lengths but have 

M flUddi- “ ®rea ter power Jlitrlbutlon • 
e,n « «•««,!!; fibar 1" Uie middle 

*° J * single A * euggested for elqglo 

K££; e ; 0n ■PP li “tl«ia. (Wave- 

■ kI *. Paper IsOOSO 

f DLEftR-AIR COMimONS- 1 . 

PeCeerch Centre, 

X ^Si2j ' , EoattujiioetlisnB, Qtte w , Canada ■ 

*"d theoretioal ‘ 

.'“'■•U <WMitloS , I2 U “ ll0n th8t ocour » during 

bUT “ n ^Arreetr la ^ 

Is drawn^L^''*, ^*' 1 *"We*tadi bhs oon-’ 

ll "i Wtii thTc^' ■ Q J ti F*‘*h neoh.nt.ns ^eiV ■' 
... , ^ c «A»-^arl*ea Battery of the-.- •. 


artenna are the ant lapruit. Theoretical 
rod ala that explain thoae aeehonlsna and si*i* 
wplrical nodal a that character Luo the cross- 
polarised signal statLstlca ara than dlncuiend. 
■art louler attention lu given to the raai-iopiri- 
eal nodele el nee they can be uwd enae readily 
ftr atatletlcal prod let ]o ns In doalgn applica- 
tion*, B<ae Weight into the einiiarltla* 
ard diffueruea tetwaan ■odola developed In 
rranca, Jaran. and the UFA Is provldc-1. Finally, 
application of the B«l-r«plrlcal ncdolB in the 
design of digital ayitoni le Irlefly oonaldercd , 
ard the roLatlvo toportenffo at rrOBs polar l ret Ion 
during clear-air and precipitation condition* la 
discussed. Kreai rolar last ion, clear-airi 
Rad. Bel., Paper 4DSP94 


CT7SS Tropoopharlo jropagatlen 

CROSS (OLABIZUIW DUBIH3 WECIWTATIOH OS 

TBUESTBUL LINKS - A PEVIW 

r,L. Olaenfceeaonicatlon* Raicanh Centre,. 

DaprtnnC or CdeBenioetlon*, HUM, nrad* 

^L^paper rwiwa reoer* tbeJretiHlerfM' 
per mental research on owe* P oUrl “ t ^ n , rt f* 
occur* during ^aelpiution on t^reotrlal 
mvb link*. Cows id oration U lirpt given to the 
Ehylioal a«Unl»s, «*Jh ae raindrop, cant log, 
that oauan pr-ipiUtion 
rent tain depoUriUtUn a»d.la are 
aelarf wet iwa*lgatto™ of inoot|Ka«* 
polarisation offaeta neewirlarf. . 

'attantlon la given to iafU-eopltlral »*•*.■ f*" 0- 
th*y odn be u*efl oo* rndlly tor .• 

'prediction* in'dealgD aptfl ical lo«*» - 

or lagted* oross polariantlon Misormant* 

at cSr.Dten.ldg the iiyaJHl 

depolarising eediiei for gee £» 

atValOD given jertloolar dtte*ipn. f- 

(uracetere of tg. ralfUrop Wttng ■«»« di«rl 
Ut : ,ndurlvri f*«* tb.M r 1 "***?*^?** 
let ad. Pi nelly, **8 oentloo 

relative Vporuoce of “ ln Wdle 

... i, outages on 41 a it* I tee in 


'll III | r IK Inn jnJ i.JI r.-i,i j[ j . -r, 

Mi-'l w sisin ivumiii-. him i n-. 
srimiM. maini nn itrjy.'ii.s 
■I. 'jb I rj: i rnsrr* ionji|M Ini ir.Ti-iiit.il 
k.cirih Liber-tieri , >i> Sh ISth Strict. 

intlllli'. rirogun deTJ3.li jnJ t, Svir 

|h|c pjprc ptvevrit* .1 iM-rehvn^lw- prc.vJ.ir.' 
fi-r 1-1 a lulling erJIniiUi Ion ■r.j>.ecl • oil Hu- 
etre.ml td grjvr-lj u>c4 fur "fil.ninc h. • ll.-.'m J« . 
II nieblMlti a r.-ln IcnsMp hit «rcn cr^rio 
sunlul cf Inruljtlnp I,p. jnd 1 he- hor.’lrlc 
uean d Ureter of ric iiAilrnc It Cutllncc 
Slnple |.mtdura* for osilrumg the V. era I 1 atfi- 
lioeitlun of ihe gravel In ‘punlng «llrs al'lreg 
scrpjm rtichM and providfe the rationale for 
interpretation of these roHniten In term af 
Deer* 11 ecbr.e survival In 1 at rear. i>cica. 
(Sedlcentaitcn. salunld ifouiliig, panicle Aide, 
si re an grants) . 

Water Keuur. Raa., Paper S0WI81A 


yfO urounlmer 

lstiJ-i iv>c>'.>ou .i:-l r *.■..• tTt>: 

ijjiw '.i::5auL i '*_Ti - a 1 ith-. 

lllo-IX 

d.,1. 31a<l (Imtitutr of .vnlorlcb! -Mleartr, 
9ullelur i*«, larwell Lntaralor.v. fer-ell, 
dsfordcMre, C.l.J -ml » .1. hipp Jr 

h MlMI far detemieinf njlnellc Ii f ‘u'lvs’.j 
Injdruulic tw.duclivllvi'oteciflc Jtorarr: o'Inc 
a i Inupold'lly v'.rvln^ prevmre I" propia'l. !l 
le hared eg the prau.-nnon of i orewur* «.«ir 
heiween feint- ae'p illf-in nn ii.flniir '>lius 
and halwra Pol>-.ole* anlcr. fully i«r.elrat“ s 
.■on fined eculfer, * •n|g*.im ir. of t.'.d 

ailer.U'llen and tine lrp !.• irr-eiiliii 'ar rociu- 
nf dl ffrrinr hydr-ulir n l ffurivi’.lep ir.d 
siynnls of rarymr r-Piodn. These aolutlCA.' are 
put Into tie coni-st nf aclksl race rrar-rtle. 

Ui order' to de lem im in* ■ r.ct.rnl ;«.• • teal • l:-r 
Df undcr'e-lnr och to-.ih, Tl n <r-ne!.|irt i-.-.l 
ihs leal l- |n-*ieV‘lr ov-r Ji-»i.«i a' ut 
'[fig In fiiiluwl er'i'->!lane ru'A. 'I" 1 .Ine 

sou nr leal mjr UP u'* r nl In I live.' » Ira- ioo' 
where con'T.lnnme aSr.r-.ar.r- err i.al ar/'al.:- 
due la a-r.airon-v.nl.il cm •! lei ■■ • Him. (tareS.nl- 
lenlii, ID hydraulic rna-igi't iv it., fra'iurri 
rock, tul a ae Lr.l. 

Hater Hoigur. Bos.. P.apor HDUlf-U 


1130 Crvun-iiMier 

SlHULATIfM DT COHFLBS CtWMl/ liTEB ST.ITfM BSD AN 
APPLICATION | 

J. Preach l It (Allan Institute of Techiulvgr,' 

P.D. Box 17)1, Bangkok, Thai land) A. Baa C>ipi* 

A a lap 1* gual-ihraD-dleanilnnal flrv rndel far 
Cha aiBulatlon el ccnplea greunduater listen lias 
.hied developed Caking Inir rcnajdarallea the real ■ 
basin characteristic a; and [onblnleg I baa virtue 
of a mind ihtoreliral hull anJ slop is sppresclias 
in .na theru lira 1 ■anipulatlon and r c*-puisr p/oprwi- 
King. Thi pouar and flexlblllly of the cedal. ho-.o 
bean dun-narrated by Its application ip the greunil 
' viter basin lu lower crural plain - of That (find 
In cennstiien with Bengtol land - So he 1 dance study. 
The .'Subsurface faiisatlon In copalderrd en be a . 
single hydraulically connected body strarlflC'l In- 
to Model Isjsrs for .cenvonlanca In |h, slmlntlon. 
.Any nunbpr of noalel layers can be 1 he rt panned 


With coupling through th* JealaAa flu*. Thu 
nethcosarlcilpiMSSB has htan » Lr>p I (lied. by ncgl 

ting Ihr yield Iron aqutfsrd stgrogo, tines An 


equltard In a thenrrtli;*l sense cadnpt hr deli- 
neated In a largo and rooples groundvltar basin'. . 
Iha cesputl^.etfnrc of aha proposed eodel vmolJ 
fee Micb leas then the ogolyeltot. full lhfeo- 
dlnanslonil eodal (Proril, 1971: Cupra end ISnJl., 
J97B) or g-i**l-thrga-d Irene lexia I node! caiuifl*rinfi 

egu Herd storage {Cliorley A fund . 19**1 • 

Mat nr Hoeiuf. Jioy.,' pjuec. tfOMl-t H • 


iliU ijroiud. star 

■lubFLIM, HufllLk Ml lira nidi I SIM) A C<>MPRi- 
MF.*-siwk putimia! Aa* niMi munn iihr.ii.m mi). 

I fAUmm Fa >B lll>"a.ar-R.tCd.'5. PFS1.1B ll Ilk . 

O.Ca.L. Strict (Pel-islcem ul Cull Siui,| 
Fnglr.sorl eg. L'Misnlt, <-r Kuuiois, IbA) sad 
B.N.Ifilcjea*. 

A tccbalgus 1 * pissencsj tor Cudo I leg stssj} 
tea-dlesei lanel lieu la * i> ,us of i>o lefislii 
■gulfora. The xqBiVav* are aepirstad by * ibm 
Ingsraisble Layer and are byJraul Ically coeecclad 
i h rough op an Inga le ibr taparaiisj s«J. The 
■gellara ara brac-gcBeou* ly pereaable and the 
Dupe ll - For chbe tear appreaieal Ion la adoptaal. Tb* 
eppir ago Her la uaceeflneal and its lie., m thi 
leuer oar la partially cueflBSd aed partially u- 
aoeriaad. The aetbe-d cdbsUC* c-f iha seper- 


lefll iral log Troe rainfall, cioai-flo. creeti or 
river*, and lata boeadarlea. Tba creeta. rasari. 
aud I aka bouedariaa ara oodeled by Iba use of 
I lea-, ml,. Tba Bitted la iMplaBaelad IB a ceapg- 
lar eodal ubteb I* validated agaleat varlou* 
easel iplntloe*. aed ae appllcalleB I* dlacoaiad. 
t agatf er fU*. boundary atninli. aoupotar nodal) 
v-'atrr Fisur. Pea., f-.nper BCiiflfljv 


Ilia Oroaud.ater 

FL« IN AD1IFESB »ITH CIA* LAHI!UE-1:11IE COMP IE - 
BENMVE POTENTIAL 

O.P.L. Strict (DaparlatBL of Civil aid HIn.eai Enj- 
luarlai, VaivatBllp of HlaBeeoli. DU) 

A leakalgsa it praaaatod far iadilla| mady 
(K-aadciKr fine la agaifara Ibal cbbHIb thin 
layttrini clay luloaa. Rsairlctloa la nada to 
laalait that do aol evarlap oaa aasthar, the 
laabaigai la ippiainit, la ghat iba raalaiiuco 
“ Tl ne la Tsrllsal diraetica la aagltecad lib* 
Depalt-Forchbalaar aateaptiaa) aad that ifaa 

■ blcl ar ■■■ , af the laalus ara net lalaa lata 
accaaal. Tba riow prat leas era solyad by Ihs 
ell of as lea tlury fin field slab s dlaehsrga 
vaslor list ceatlata of the vsoterlll lie of Iha 
dliahiriH eeauarlag ia tba aqulfars share aad 
balor tbs I sal asp. Tba potaaital for this floe 
field la ra far rad to sa the acepiaksai l*a pvlaa- 
ilai sal is detaralaad by aolvlag ■ bouddary— 
valaa piablaa af ihs rolaaaa eqaailoa. Uai of 
the soepiihaailve pehratlel natai II posalble is 
uaietalia lb* ylaitnanrle hsada aleag tba adgn 
of iba a) ay laalnaa euhqal the Sard far ea 
Uaratlta prdudase. (Bapall-Forebbtlaar. 
leparvlMi laelnael 

Untpr Rmnar, Rob . , t > apur npwl'i)*) 

3 1 ID Ortuiritir 

KDBLIhe MMHLK AOtIFEX 170* VS1W A COXPItE- 
UBISIVB POTBITIAL AW DI5IBIBVTED SIMIILAX ITII S 
i iiStHjjnow ran uMniaonEQOs pssiojibilitibs 
a.D.L.Slridt (Dapir leidt af Civil asd Mleorai 
Eaglaasri ag . Ualaaisilp af.Nieatiou, tUI aad 
I,i,ls(|iist. 

Tbs ttahalqaa presselsd )B part I Is geaarAU- 
t*d ip iha eaSa of lalgsaiaaam pimistll Ilia*. 
Tha agatfar ayalpa ia lufad)vld*d lata ragioaa at 
Aeosgsatoas plntaliljty alth dlteoillaglt lae 
BOOS rring laroaa tha beuadariaa *f Him raelda*. 
TbapeiaallalB ar* dllaBatlaaea* serai* iba 
.Istiar basadsslra. Which ara rtptaitstad ** pa- 
lygaas. llw-laybUls tr* a*gd ts areal* lb* 
dl soon leal ilea la she poleai lain allheal viola- '. 
flag U» eoadlliaa of soallnlfy af flee. TU 
SI raagthl of Ih* I laa-do*b] en are dalatofaid 
"* tb* eoadlliaa till ihb bead Ii aia)lnaas >' 

■ orois ih* hBBailarlat ef the . safa-r*|lui. Tha ' 
teathod' is validated i|ilatk ***ei aelslleai, Add • 
sees apyUastloh* are diaeliisat. Tht aodrl Idg'af 
labo«|tMlt*e* by tbs' ea* of H*a-de*bl*tS ha 
yra*aa|*d for a Dape K-Pcrekh* teat sulcal*,, bat 
'I* equal If wall; appllsslple to problaei Of Ihgat 
diMtasloMl flak aad the diahnt^CBil floe la the * 
reallek) plane. Tl* gbianiial is b» mad for iha ; 
.Tatlsr- hppllpei i os i eqas I a iba pOaigbl liip .* 
lImIs fba. pias.aiul.tje head. Iiqblfa/.ftov, 
btnudagy altaeata, edape ter. Modal, . lehoeef aa'rl (v) 
W.vtOT Rqaauc; Bob., paper ROhlUJB •- ! 




i 





